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INTRODUCTION 
Dwarf fruit trees have been a part of the European garden 
for centuries. Their planting in the American garden was 
limited until the recent trend towards urbanization brought 
into prominence an emphasis on the planting and culture of 
dwarf fruit trees. 
Early experiments in this country discouraged the com­
mercial use of this type of tree (Hall, 1915). However, the 
economic pressures of today's industrial economy have prompted 
a renewed interest in the commercial value of dwarf fruit 
trees in the apple producing industry. The disappearance of 
highly productive land into the urban expansion program, high 
land values, and the cost-price squeeze, demand high produc­
tion and low maintenance per unit area. This has been 
especially true with the tree fruit industry. 
Dwarf fruit trees, as a result of smaller stature, reduce 
pruning, spraying and harvesting costs. Earliness of bearing 
and increased yield per acre (Roberts, 1954, 1957» 1959; Tukey, 
I960; Upshall, 1959; Lorang, i960) resulting from more in­
tensive cultural practices have made this type of orchard 
extremely competitive. These advantages, coupled with the 
fact that dwarf trees are adaptable to mechanization, have 
created a need for the development of productive, hardy stocks 
for use in Canada and the northern United States. 
The dwarf fruit stock inventory has been widely tested 
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in Europe and eastern United States. However, many of the 
common dwarfing rootstocks for apple varieties are not reli­
ably hardy in the northern plains area and Canada. Many of 
these rootstocks perform best under cool soil conditions during 
the growing season (Banta, 1955; Nelson and Tukey, 1955)* 
Most of the dwarfing rootstocks produce poorly anchored trees 
when used as the root system for standard varieties. The 
dwarf apple rootstocks also are difficult to propagate and 
maintain. Regardless of the problems attendant with the use 
of dwarfing stocks, they appear to hold the key to the survival 
and growth of the commercial fruit industry. Indeed, they 
may be the only hope this industry has of coping with the 
demands of an expanding population. 
The selection and testing of dwarfing rootstocks has 
centered around the apple, Malus domestica. Borkh. Most of 
the dwarfing stocks have been collected, tested and 
identified according to the size of tree produced, by the East 
Mailing Research Station at Kent, England. Dwarf trees are 
produced either by using the selected stock as the primary 
root system, or by interposing a piece of the stock between 
a vigorous rootstock and the named variety. The latter tech­
nique, or interstem method, appears to be gaining in popularity 
by eliminating the problem of poor anchorage, which is charac­
teristic of many dwarfing rootstocks. 
Although dwarf trees have been grown for centuries, very 
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little is known about the dwarfing reaction of rootstocks and 
intersterns. To date the only reliable procedure for deter­
mining rootstock or interstem influences has been by grafting 
each variety to each stock (Shaw, 1935 ) • The development of 
stocks and varieties is imperative if the commercial fruit 
grower is to keep pace with modern agriculture. Stocks must 
produce uniform trees of low stature. They must be easily 
propagated and sufficiently hardy so as to withstand the 
rigors of the climate in the commercial production areas. 
This study was designed to test a large number of the 
common and recently introduced rootstock and interstem apple 
varieties for usefulness in the production of acceptable dwarf 
trees. 
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REVIEW OF LITERATURE 
It was from motives of gain that the grafting of 
trees and the propagation thereby of spurious off­
spring was first devised so that the growth of the 
fruits even might be a thing interdicted to the 
poor. (Bostock and Riley, 1885) 
The preceding statement, written about the time of Christ 
by Pliny (25AD), indicates that a knowledge of the art and 
science of propagating fruit trees by graftage is of ancient 
origin. It suggests the use of stocks in that grafting, by 
definition, requires at least two components, a scion and a 
stock. By the same token it is possible that the ancients 
also acquired some knowledge of stock-scion relationships. 
Of necessity, much of this review of literature will deal 
with rootstock-scion relationships. A great deal of the 
research to date has been concerned with this problem and the 
effects resulting from grafting roots and scions are similar 
to those developing from the use of interstems. Indeed, the 
interstem method of propagating dwarf fruit trees was devised 
to accomplish the same results as those produced from the use 
of dwarfing rootstocks. 
Pliny was not the first to write about grafting as a 
method of producing fruit trees. It is known that the art of 
graftage fascinated plantsmen centuries before Pliny's time. 
Theophrastus 300 BC (Hort, 1916) , a contemporary of Plato, 
Aristotle, and Diogenes, described grafting and budding with 
special reference to fruits. This knowledge presupposes a 
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recognition of the techniques of propagation and compatibility. 
The fact that many tree fruits do not come true to type from 
seed necessitates asexual or vegetative propagation. This 
seems to have been fairly common knowledge to plantsmen of 
that time. Evidently the value of grafting was appreciated 
before the time of these early writings. Maney (19^2) noted 
that the use of dwarfing stocks was recorded over 2000 years 
ago in ancient Greek writings. Cato 200 BC (Brehaut, 1933) , 
wrote an excellent, detailed description of grafting and bud­
ding as a method for propagating fruit trees. 
Not only were the ancients proficient in the art of 
graftage, but they also displayed some knowledge of the 
factors responsible for dwarfing. In fact, some of their 
explanations are embodied in our present day concept of the 
phenomena. Some of the basic techniques involved in grafting 
and a recognition of incompatibility were put forth in 200 BC 
when Cato (Harrison, 1913) wrote that extreme care should be 
exercised in the timing, manner of grafting and selection of 
the stock and scion. He observed that the scion variety to 
be grafted should always be of better quality than the stock 
and that results were always better when a cultivated stock 
of the same species was used, rather than a wild seedling 
type. It could be surmised from these observations that 
certain types of stocks were specifically selected for the 
purpose of propagation. This is not too surprising since 
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references to dwarf plant types can be found In many of the 
ancient writings. Cato exhibited some knowledge of the af­
finity various components had for one another, not only by 
recommending a cultivated stock, but in mentioning that usual­
ly apple was grafted on apple and that the pear could not be 
grafted upon oak, even though it could be grafted onto the 
apple. At that time, graftage was used primarily for the 
propagation of slow growing fruits and trees. 
According to Pliny (25 AD) a certain amount of supersti­
tion surrounded the practice of grafting at that time, for it 
was believed that if the hawthorn was used as a stock it would 
not be "easy to avoid the disastrous effects of lightning" 
that would be hurled against the spot. Even with the super­
stition, which probably was cultivated by the artisans to lend 
some mystery to their calling, many observations of that time 
are pertinent to the production of grafted trees. Reference 
is made to grafting the pear upon quince, which is the common 
method for propagating both standard and dwarf pears today. 
Pliny also refers to the stock influencing the quality of the 
fruit produced on a grafted plant. 
One of the earliest records of the interstem method of 
propagating fruit trees was written in 1639 by John Parkinson 
(Sax, 1956) who described the use of an interstem to overcome 
incompatibility between the nectorine and plum stock. It was 
not until a few years later that the principle was applied to 
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the production of interstem trees of apple for dwarfing 
purposes. In 1665, John Rea devised the use of an intermediate 
stem-piece of the Paradise apple for propagating dwarf trees, 
which is described in the following excerpt (Graves, 1950; 
Sax, 1956). 
I have found out another expedient to help them 
forward, that is by grafting the Cyen of the 
Paradise apple in a Crab, or other Apple-stock, 
close to the ground, with one graft, and when that 
is grown to the Bigness of a finger, graft thereon 
about eight inches higher, the fruit desired, which 
will stop the luxurious growth of the Tree, almost 
as well as if it had been immediately grafted on 
the forementioned Layers, and will cause the Trees 
to bear sooner, more and better fruits. 
This statement is quite significant. The author speaks 
of the Paradise apple stock being propagated by layers, a 
procedure that has remained unchanged through the years. 
Earliness of bearing, high production, and better quality 
fruit were recognized as resulting from the influence of the 
dwarfing stock. Rea also implied that the effect of the 
interstem is somewhat different, at least in degree of ef­
fectiveness, compared to its use as a rootstock. Austin 
(Graves, 1950), also in 1665, advised grafting only within a 
species and described the interstem method of propagating 
dwarf trees by the statement, "Set graft upon graft for divers 
years together". A knowledge of interstem effect other than 
dwarfing was demonstrated in one of the qualifying remarks to 
the above procedure, since the author noted that the stock 
used would influence the fruit borne on the top scion. 
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Francis Bacon (1639) stated that the scion always governs 
the stock characteristics and that grafted trees bear better 
fruit than others but that, "the Choyce of the Stocke doth 
much". The grafting of pear on quince was also recommended 
at this time. 
A great deal of important work was carried out in the 
early 19th century in England. Thomas Andrew Knight (1820, 
1822) contributed much to the knowledge of grafted fruit 
trees and wrote the following on the effects of different 
kinds of stocks : 
When ever the stock and graft, or bud, are not 
perfectly well suited to each other, an enlarge­
ment is well known always to take place at the point 
of their junction, and generally to some extent, 
both above and below it. This is particularly 
observable in Peach trees, which have been grafted 
at any considerable height from the ground, upon 
Plum stocks: and it appears to arise from obstruc­
tion, which the descending sap of the Peach tree 
meets with in the bark of the Plum stock; for the 
effects produced both upon the growth and the 
produce of the tree, are similar to those which 
occur when the descent of the sap is impeded by a 
ligature, or by the destruction of a circle of 
bark, in the manner recommended by Mr. Williams . 
... The disposition in young trees to produce and 
nourish blossom buds and fruit is increased by 
this apparent obstruction of the descending sap; 
and the fruit of such young trees ripens, I think, 
somewhat earlier than upon other young trees of 
the same age, which grow upon stocks of their own 
species ; but the growth and vigor of the tree, and 
its powers to nourish a succession of heavy crops, 
are diminished, apparently, by the stagnation, in the 
branches and stock, of a portion of that sap, which, 
in a tree growing upon its own stem, or upon a stock 
of its own species, would descend to nourish and 
^Williams (1820) described girdling as a method of induc­
ing early bearing of fruit trees. 
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promote the extension of the roots. The practice, 
therefore, of grafting the Pear tree on the Quince 
stock, and the Peach and Apricot on the Plum, where 
extensive growth and durability are wanted, is 
wrong; ... When great difficulty is found in making 
a tree, whether fructiferous, or ornamental, of 
any species, or variety, produce blossoms, or in 
making its blossoms set when produced, success will 
probably be obtained in almost all cases, by budding 
or grafting upon a stock which is nearly enough 
allied to the graft to preserve it alive for a few 
years, but not permanently. The Pear affords a stock 
of this kind for Apple; ... The stock, in such cases 
as the preceding, promotes, in proportion to its 
length, the early bearing and early death of the 
graft. ... The authority of DuHamel gives us reason 
to believe, that defects of particular soils may be 
remedied by a proper selection of stock; ... The 
form and habit which a Peach tree of any given 
variety is disposed to assume, I find to be very 
much influenced by the kind of stock upon which it 
is budded. 
Knight then enumerated the stocks and the effects derived from 
their use in various combinations. When the peach was grafted 
onto an apricot or plum it spread horizontally first and then 
the branches would turn up rather sharply. In addition the 
scion would usually overgrow the stock. When the peach was 
grafted upon peach the stock and stem were of the same caliper 
and the tree assumed its natural form. Knight (1822) found 
that when a seedling or wild type was employed as a stock the 
scion generally overgrew the stock but the tree was less af­
fected by the stock and usually longer lived than on the 
apricot or plum. 
Strangely enough, Knight (1822) did not believe that a 
stock could transmit hardiness to a scion. Yet it is well 
documented today that hardiness can be modified by the com­
10 
ponents of a graft (Maney, 1925, 1937; Tukey and Erase, 1933)» 
In spite of this, many of the conclusions drawn in 1822 are 
still important considerations In the asexual propagation of 
tree fruits. 
Stock effects were extended and apparently recognized as 
being responsible for other modifications of the fruit 
propagated on them. Hill (1757), through experimentation, 
found that the stock could effect the flavor of the fruit 
produced on the scion and that the Paradise apple stock 
produced a fruit of higher quality than the stocks commonly 
used at that time. He also recommended great care in select­
ing and propagating the stocks in order that they be maintained 
true to type. Many other worthwhile observations regarding 
stock-scion effects are attributable to Knight (1820, 1822) 
who recommended the Paradise stock for apples and the plum 
for peaches and apricots. These recommendations were 
qualified for adaptation to varying soil conditions by the 
use of almond and apricot stocks which would also make the 
tree produce earlier and be of a dwarf type. Williamson 
(1820) lamented the fact that many growers were becoming care­
less in the maintenance and production of stocks and that 
hardiness of many trees was being reduced by the indiscriminate 
use of seedling stocks. 
Most of the work on fruits has been with rootstocks. At 
the turn of the century Hatton made seventy collections which 
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Included most of the known apple rootstocks from the continent 
and England. These were observed at the East Mailing Research 
Station where by 1917, sixteen clones had been separated and 
classified according to their influence when used as root-
stocks. These are the now famous East Mailing, EM or M, stocks 
used so widely today. The dwarfing and semi-dwarfing clones 
were derived from either Paradise or Doucin origin respective­
ly. 
_ Even though the interstem method of propagating dwarf 
apple trees has been known and practiced for over 300 years, 
only in the last forty years has this technique come into 
prominence. Some of the earliest work in this century on 
interstem propagation was initiated in the 1920's at the East 
Mailing Research Station (1927). In the 13th Annual Report 
of the station it was stated that a graft composed of a 
Bramley interstock and Cox's Orange scion displayed symptoms 
of incompatibility. In the same year R. C. Knight (1927) 
tried to ascertain, by use of the interstem method, the ef­
fect of the stem and the root on the growth characteristics of 
the grafted plants. He concluded, after a three year study, 
that the stem as well as the root system of the understock had 
considerable effect on the growth of the trees. It was sug­
gested from the behavior of the experimental material that 
only quantitative differences were produced in the stocks. 
This statement supported the observations of Hatton et al. 
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(1924) whose early research showed that any effect of the 
scion upon the root was purely quantitative. However, some 
of the findings of Tukey and Erase (1933) noted that the scion 
may affect root quantity, direction, form, longevity, hardi­
ness, and chemical composition as well as affecting fruit 
color, flavor, and shape. These findings demonstrated that 
both quantitative and qualitative alterations of the root 
system could be influenced by the scion. The dominating 
factors responsible for any one reaction were attributed to 
the nature of the top scion and the compatibility of the 
union. These workers found that when the graft unions were 
smooth and congenial the scion dominated the character and 
shape of the root system. However, when a dwarf stock was 
used, either as a rootstock, intermediate stem-piece, or 
scion, the effect was to dwarf the entire plant, although not 
always to the same degree for each position. 
One observation common to much of the early research on 
dwarfing stocks referred to better color and juiciness of the 
fruit (Bostock and Riley, 1885; Sax, 1956; Bacon, 1639; Hill, 
1757). Observers have noted that these characteristics are 
often combined with an increased yield of larger sized fruit. 
The East Mailing Research Station (15th year) reported that 
both color and size are materially influenced by the rootstock. 
The East Mailing Station (1928) also recorded that the inter­
mediate stem piece influenced the vigor of growth of a 
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grafted apple tree. Generally, the longer the dwarfing stem 
piece used, the greater its effect on precocity, fruit color, 
and time of ripening. Many present day research workers feel 
that any tree is the result of a combination of specific ef­
fects by the components which result from a number of inter­
actions between these units. This is founded on the fact 
that different combinations do not perform the same in dif­
ferent environments. The tendency for early bearing is 
evidently closely associated with the degree of dwarfing im­
posed by any one component used either as a rootstock or inter­
mediate stem piece (Overholser, et al., 1943; Knight, 1927)• 
Overholser, et &1. (1943) found that the most dwarfing stocks 
produced more highly colored and larger fruit than the stocks 
producing trees of intermediate or standard height. However, 
it was also determined that the standard stocks produced 
larger fruit than the semi-dwarfing, or intermediate, types. 
The work of Tukey and Erase (1940) demonstrated that the 
dwarfing effect extended to the period of bloom and maturity 
of fruit, both being seven to ten days earlier than the same 
varieties worked on standard stocks. Shaw (1935) found that 
different stocks caused differences in form and size of the 
fruit. 
Hewetson (1944) observed that when using a M IX interstem 
piece, the fruit matured one week earlier than normal and if 
left on the tree would drop off at the regular picking time 
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of the standard variety. This observation was made much 
earlier by Knight (1822) and others, but not substantiated by 
specific experimentation at the time. 
The East Mailing Research Station (1930) related that the 
influence of the rootstock became more apparent upon the 
fruiting qualities as the trees aged. Again, in 1932 this 
station disclosed that "stvek influence lies at least as much 
in the root as in the stem of vegetative stocks". 
It is obvious that the rootstock, interstock, or scion 
have some regulating influence on every aspect of the tree 
involved, at one time or another. Sometimes it is very difr. 
ficult to attribute these effects to any particular component. 
Often these influences may be found only in one specific 
combination of grafted plants. Lagasse (1929) wrote that the 
scion may influence the coarseness, degree of branching, and 
general characteristics of the root system. However, a dwarf 
root will curb a vigorous scion and therefore it is the root-
stock that largely controls the variability of trees. In the 
same year, Roberts (1929) acknowledged that dwarf stocks were 
still dwarf even when worked on vigorous stocks. Other more 
current research by Maney (l9*+2) supports this conclusion. 
Many of the effects attributable to rootstocks are also 
evident when interstems are used for a specific purpose. 
Grubb (1939) found that the trunks of interstem trees were of 
greater caliper, the tree head was either larger or obtained 
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earlier in the life of the tree, and a larger portion of the 
interstem trees had salable stem types. 
It is interesting to compare other effects of the inter­
stem and scion on the growth of the stion^. Even though there 
still are many facets of the problem that are in question, 
many have been documented and attributed to the various com­
ponents making up a grafted tree. Swarbrick and Roberts 
(1927) reported that: 
1. Scion varieties determine root character when 
grafts are placed upon seedling roots. 
2. Scion varieties do not much effect the root 
character when placed upon vegetatively 
propagated rootstocks. 
3. High budded trees do not have the uniform and 
characteristic root type of the scion variety. 
4. Double worked trees have the root character 
of the intermediate variety. 
5. It is believed at present that the influence 
of vegetative rootstocks is due to a stem effect. 
In a study of factors effecting growth of grafts in the 
nursery, Roberts (1927) found that Doucin stocks produced 
somewhat more uniform trees than seedling stocks and that 
scion differences appeared to produce more variation than 
stock differences. One must remember here that the Doucin 
stock is clonally propagated and therefore without some of the 
inherent variation found in a seedling population. Roberts 
(1927) also discovered that "'dwarf stocks were not much 
^Stion is a contraction of the words stock and scion, 
"st" and "ion"; referring to a complete grafted plant. 
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changed by the scion variety", when contrasted with the strik­
ing modifications of root character found when a scion is 
grafted onto a seedling root. He questioned that this might 
be the reason dwarfing stocks are dwarfing. These conclusions 
may be compared with the findings of Thomas (1944) who observed 
that different varieties gave quite varied performance when 
propagated on their own roots. However, Shaw (1946) found 
that environmental, chiefly soil, differences exerted an 
extremely strong influence on all of the dwarfing and some of 
the standard stocks. This study also revealed that naturally 
slow growing varieties were not influenced as greatly by 
dwarfing stocks as the vigorous varieties. One of the more 
important observations of this work was the documentation of 
the fact that a wide variation in performance of any given 
stion was evident in the different orchards where they were 
planted. 
Some variation is also found in the performance of dif­
ferent varieties on the same rootstock. Shaw (1935) found 
that EM I stock is a good semi-dwarfing stock for Mcintosh 
but is worthless for Wealthy and that a bulge formed at the 
union between the scion and Mailing II, III, VIII, and IX. 
The Mailing stocks were classified in the paper according to 
the effect each had when used as a rootstock. Mailing I, a 
semi-dwarfing stock, gave a high degree of dwarfing with 
Wealthy and both Mcintosh and Wealthy were dwarfed more than 
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usual by Mailing IX. Shaw believed that the only way to 
determine the rootstock effect was to "cut and try" them with 
the American varieties. These results with Mailing IX were 
confirmed by Tukey and Erase (1939) whose work disclosed that 
regardless of scion variety this rootstock produced the most 
dwarfed tree. As time passed more exceptions to the rule 
developed, such as the findings of Sudds and Marth (19^3) in 
which Mailing I dwarfed York and Mailing XIII dwarfed Starklng. 
Many workers more or less agree that at least some of the 
effect of dwarfing rootstocks and interstems is caused by a 
certain degree of incompatibility between the components, as 
evidenced by the usual overgrowth of the dwarfing stock. 
It is not intended that this work review all the 
literature on stock-scion reactions. Excellent reviews have 
been compiled by Tukey and Erase (1933), Erase and Way (1959) 
and Zeiger and Tukey (i960). 
Many of the factors covered in the research on stock, 
scion, and interstem reactions appear to have a strong rela­
tionship to auxin or anti-auxin control in the plants involved. 
This is increasingly evident as our knowledge of the bio­
chemistry of plants advances. 
Roberts (1929) produced double worked trees by rind 
grafting the dwarfing stock onto the stem of a tree. The 
results of this work showed that the bark ring exerted an ef­
fect upon the ultimate growth of the tree. Placement of a 
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selected stem piece between a scion and rootstock results in 
a certain growth modification (Tukey and Erase, 1933)• The 
authors suggest this variation results from the effect of the 
intermediate in the root system of the combination. Roberts 
(1934 and 1935) indicated different stock rind grafts had 
different and unequal effects on growth, and that starch was 
found to accumulate above these rind grafts. 
Sax (1953) has suggested that the swelling of dwarfing 
interstocks in certain combinations and the dwarfing effect 
of inverted ring-bark grafts might be due to the interrupted 
basipetal flow of auxins. In a series of experiments he 
reported a case where an apomictic apple variety produced 
extreme dwarfing when used as a rootstock, but had little 
effect when used as an interstock. He concluded that the 
dwarfing influence was not a result of an imperfect graft 
union or due to the interruption of auxin flow, but rather 
was an interaction between the scion variety and the variety 
used as the root system. The swelling of bark rings has been 
attributed to an auxin accumulation in that area which 
resulted from reversed polarity (Sax, 1953). He further 
postulated that the dwarfing effect was possibly due to in­
sufficient auxin in the root system. 
Leonard (1939) discovered that leaves of an apple variety 
grown on Mailing IX had a higher content of soluble carbo­
hydrates than those of the same variety of apple grown on a 
19 
standard rootstock. These findings support those of Green 
(1937) whose work disclosed a higher content of starch and 
sugar in spurs on ringed branches than on control branches. 
Shaw (1944) concluded that the dwarfing effect of the Mailing 
stocks probably is due chiefly to precocious fruiting and 
that they cease growth earlier in the fall than the scion, 
which would reduce water absorption. Shaw theorized that the 
starch then held above the graft union would tend to encourage 
early fruiting. 
As stated earlier, some thought and concern has been 
given to the physical barrier of the graft union as being one 
of the major influences in the dwarfing effect of single and 
double worked apple trees. However, in most cases this is 
discounted as being the principal controlling factor, for if 
it were the case the two unions of the interstem should be 
more effective than the single union with a rootstock. Never­
theless, Warne and Raby (1939) reported that water con­
ductivity of the union with M IX was less efficient than the 
other Mailing stocks. Scholz (1957) concluded from anatomical 
studies of Clark Dwarf and standard varieties that the Clark 
Dwarf interstem posed a possible impediment to the transpira­
tion stream as compared with a standard interstem. Other 
deductions from this work were that dwarfing might be caused 
by reduced water conduction of the interstem and reduced 
nitrogen translocation through the phloem which would result 
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in a carbohydrate build up and the induction of flowering. 
Then, since fruiting has some dwarfing effect, the influence 
would be perpetuated. 
By the use of C^Og, Dana (1952), while using only one 
tree, detected no build up of carbohydrates above the union 
in interstem trees. These findings were confirmed by Scholz 
(1957), who with P 2^ and autoradiography of the bark and stem, 
observed no build up of P^ above the interstem union. How­
ever, an accumulation was evident in the interstem of Clark 
Dwarf compared with the rest of the tree. This was at­
tributed to the thicker bark and greater amounts of living 
tissue found in the Clark Dwarf interstems. 
Verner (1955) summarized some of the various physiological 
activities of auxins and their relationship to the growth of 
apple trees. A portion of this work follows: 
It has been shown that auxin produced in the growing 
shoots or leaves of yearling Delicious apple trees 
and moving downward through the phloem modifies the 
growth of buds and branches below the point of 
origin of the auxin in several ways: (1) the growth 
of lateral buds may be inhibited, (2) the crotch 
angles formed by the trunk and primary branches are 
relatively wide, (3) elongation of the primary branches 
is depressed, and (4) the upward curvature normally 
occurring near the tip of a more or less horizontal 
branch often is delayed greatly, resulting in a 
spreading type of growth. These several character­
istics of the growth of primary branches have in 
common the fact that each is modified strikingly 
by any treatment such as scoring or girdling, that 
interrupts the normal movement of auxin from growing 
points distal to the member in question. ... Thus 
it appears that auxin from the central axis of the 
tree, probably in all instances performing as an in­
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hibiting agent, has a leading role in all of 
these phenomena. 
The theory postulated by Verner is not new, since very 
slight modifications of the earlier quotation by Thomas Andrew 
Knight (1822) would lead to the same conclusion. The findings 
of Dickson and Samuels (1956), Sax (1953, 1955), and Scholz 
(1957) point to the existence of factors of this type as being 
the primary agents governing the complicated reactions of 
grafted plants. 
There is, no doubt, a great deal of information yet to 
be uncovered in this area. When everything is considered, 
the effects have yet to be explained fully and in many cases 
research has only proven that many of the observations made 
centuries ago still hold true. In some cases these early 
observations were fully as accurate as today's findings. The 
one conclusion that can be drawn from this accumulation of 
data is that the dwarfing effect is extremely complex and is, 
or can be, caused or influenced by a myriad of factors ; 
physiological, anatomical, and environmental in nature. 
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MATERIALS 
All possible combinations of four scion, five interstem, 
and ten rootstock apple varieties were propagated by Inter-
State Nurseries during 1955 and 1956. The grafting and 
handling of these plant materials was accomplished by the 
nurseries' propagating department, following accepted 
procedures for the production of dwarf, interstem trees. 
During January and February of 1955, six inch stem pieces of 
named apple varieties, selections used primarily as stem 
builders or hardy rootstocks, were grafted to three inch 
nurse-root pieces of western apple seedlings using the whip 
and tongue technique. The grafts' were callused and field 
planted between May 15 and June 1, 1955 and allowed to grow 
for one season. In January and February of 1956, "two eye" 
stem pieces of the four scion varieties were bench grafted to 
five inch sections of the interstem varieties. These were 
callused until just after bud break in the spring, when they 
were grafted in the field onto the rootstocks. 
The scion, interstem, and rootstock materials selected 
for use in this experiment appear in Table 1. 
The plant materials selected for testing in this experi­
ment seemed to hold the greatest promise for use as component 
parts of dwarf interstem trees that would be adapted to the 
Great Plains area of the United States and Canada. The scion 
varieties have the highest sales volume in the apple industry. 
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Table 1. Materials selected for use as scion varieties, 
interstem pieces and rootstocks 
Scions Interstems Rootstocks 
Jonathan Ottawa - 524s Columbia 
Red Delicious^ Clark Dwarf0 Bedford 
Yellow Delicious** Mailing IXe Hopa 
Winesap Robin Dolgo 
Mailing VIIf Anoka 
Beacon 
Hawkeye Greening® 
Mcintosh 
Yellow Delicious^ 
Robusta Number 5*1 
^Hereinafter 0-524. 
^Hereinafter in tables Red Del. 
^Hereinafter in tables Clark. 
^Hereinafter in tables Yel. Del. 
^Hereinafter in tables M IX. 
^Hereinafter in tables M VII. 
^Hereinafter in tables Hawk. Grng. 
^Hereinafter in tables Robusta #5. 
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The interstem varieties were those which in combination produce 
the most desirable tree from the standpoint of height and 
structure or are of proven hardiness. The rootstocks, with 
the exception of Columbia, Bedford, Hopa, and Dolgo, were 
those which have had little or no trial as root systems for 
dwarf apple trees. A brief synopsis of the origin of these 
plant materials follows: 
Red Delicious: seedling discovered in Madison County, 
Iowa in 1872 and the most popular eating vari­
ety today (Stark, 1922). 
Yellow Delicious: a seedling found in West Virginia and 
introduced in 1916 which is gaining in favor, 
especially in Europe (Close, 1921). 
Jonathan: originated in Woodstock, Ulster County, N. Y. 
before 1826, one of the standard apple varieties 
for the plains area (Beach et gl., 1905). 
Winesap: origin unknown, widely planted by the late 
l800's and one of the best winter keeping ap­
ples in commercial production (Beach et al. 
1905). 
0-524: originated at Ottawa, Ontario, Canada, not yet 
formally introduced. 
Clark Dwarf: a dwarfing stock found in Muscatine, Iowa 
in 1924 and introduced in 1947 (Maney, 1928). 
Mailing IX: Jaune de Metz (of Dieudonne), a very dwarfing 
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stock selected as a chance seedling in France 
about 1879 (Zeiger and Tukey, I960). 
Robins originated at Ottawa, Ontario, Canada, Pvrus 
baccata X Simbirsk No. 9, Tree vigorous, 1921 
(Close, 1923). 
Mailing VII: unnamed semi-standard stock long known in 
English nurseries as a mixture in Doucin stock 
(Zeiger and Tukey, i960). 
Columbia : originated at Ottawa, Ontario, Canada, Pvrus 
baccata X Broad Green, Tree vigorous, 1921 
(Close, 1923). 
Bedford: seedling of Cluster, originated at Brandon, 
Manitoba in 1927 (Close, 1930). 
Hopa: Malus niedzwetzkyana X M. baccata. introduced at 
South Dakota in 1920 (Brooks and Olmo, 1956). 
Dolgo: from Russian seed, South Dakota, 1897 (Close, 
1921). 
Anoka: seedling of Mercer Wild Crab X Duchess, South 
Dakota, 1918 (Brooks and Olmo, 1956). 
Beacon: Malinda open pollinated, Minn. No. 423, Min­
nesota, 1936 (Alderman, et al., 1957). 
Hawkeye Greening: from Vermont seed, Iowa, 1921 (Lantz, 
unpublished). 
Mcintosh: chance seedling, Dundas County, Ontario, 
Canada, about 1870 (Beach, et âl,., 1905). 
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Yellow Delicious: seedling, West Virginia, 1916 (Close, 
1921). 
Robusta Number 5: Russian seedling, Ontario, Canada, 
194? (Brooks and Olmo, 1956). 
Twenty-five plants of each combination were allowed to 
grow in the field for one year. In the fall they were dug 
and stored over winter in a common storage unit at Hamburg. 
Iowa. In the spring of 1956, Inter-State Nurseries selected 
three representative trees of each combination and planted 
them ten feet apart in twenty foot rows for observational 
purposes. The planting was made in a regular sequence of 
each variety on each interstem on each rootstock combination. 
This lack of variety randomization was unfortunate. However 
the fact that there were essentially no differences in soil 
type or exposure within the area led to a decision to record 
the performance of this planting in detail. Seldom does the 
opportunity arise for study of such a large scale planting 
involving so many component combinations. 
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METHODS 
Data on tree height, spread, and leader growth were 
recorded at yearly intervals. Survival, suckering, and 
anchorage data were also recorded for each combination. Blos­
som count and yield data were collected from 1958, which was 
the first year certain combinations showed the characteristic 
of precosity of bearing, a habit attendant with the dwarfing 
effect in apple trees. Caliper of the scion, one inch above 
the interstem union, and caliper of the interstem one inch 
below the scion-interstem union were collected using a centi­
meter slide caliper. Root habit was ascertained in i960 when 
one tree of each combination was pulled. Other data, such as 
bark thickness, were collected only on certain trees to 
demonstrate differences. 
The trees, were sprayed regularly throughout the course 
of the experiment following the program outlined for each 
particular year by Iowa State University's Commercial Spray 
Bulletin. The trees were located on three terraces oriented 
in a northwesterly direction. Soil samples collected from 
all areas over the three terraces revealed that there were 
no appreciable differences in the nutrient status of the deep 
loess soil which comprised the soil type on which the trees 
were located. 
The only data that were analyzed statistically were the 
height measurements and the yearly increment of growth. This 
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was done for each year separately and for each year leaving 
out the 0-524 interstem. The yearly increment in growth was 
analyzed omitting the 0-524 interstem. 
Many of the 0-524 interstem combinations expressed pro­
nounced symptoms of the stem pitting virus. The first 
analysis of each year's data illustrated that the 0-524 inter­
stem was responsible for a substantial amount of the varia­
tion. How much of this variation could be directed to the 
virus and how much to the interstem reaction with the root-
stock and scion is only a matter of conjecture. In view of 
this complication it was believed that an analysis disregard­
ing 0-524 might clarify some of the findings. 
The analyses were of the split plot type, but due to a 
compromise of true randomization procedures no significance 
tests were made. In the analyses averages were used where 
trees were missing since they represented the best estimate 
that would have the least effect on the overall treatments. 
Averages were not included in calculating the mean values, 
and therefore these figures represent the actual mean values 
for each treatment for the surviving trees. 
As height is the usual criterion for determining dwarfness 
or vigor, measurements were taken yearly to ascertain growth 
patterns of the various combinations. These were taken by 
holding a collapsible measuring pole along the central axis 
of each specimen. The overall height recorded in inches 
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represented the distance between the soil surface at the base 
of the tree and the distal end of the leader. The yearly-
growth data were collected after fall defoliation and before 
the resumption of growth in the spring. 
All the measurements of any specific combination were 
averaged and the average height of the trees was used for all 
calculations. In cases where survival was not complete the 
average of the remaining trees was used. 
In the analysis of variance, missing plots were calculated 
wherever necessary to accommodate the analysis. The analysis 
was programmed and completed on a punch card digital computer 
and supervised by the statistical laboratory. The yearly _ 
increment of growth for the computer analysis was determined 
as the difference in the average height of any two successive 
years. 
It has been observed that dwarf trees have a more spread­
ing habit than standard trees. Spread measurements were taken 
in order to compare height and spread of the different 
combinations. This should permit a more complete study of the 
growth patterns of both the vigorous and dwarf types. All 
measurements of spread were recorded in inches. 
Anchorage or root development was determined in I960 when 
one tree of each combination was pulled with a caterpillar 
type tractor. A pullmeter with a capacity of 10,000 pounds 
was utilized on some of the trees, but was found to be in­
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adequate for the majority of them. Consequently, measurements 
•were taken as a ranking of light, medium, heavy, and very 
heavy pull as ascertained by an experienced tractor operator. 
The approximate numerical designations of this ranking were 
determined by the pullmeter and the operator, with light being 
from 7,000 to 10,000 pounds; medium 10 to 15,000 pounds ; 
heavy 15 to 20,000 pounds ; and very heavy being equal to over 
20,000 pounds. Photographs of each root system were taken at 
this time to further record root habit and development. 
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RESULTS 
This study covers a period from 1956 through i960. 
Measurements on the experimental trees were taken each year 
during the period of dormancy. Data for each year were 
analysed separately, although yearly data are discussed only 
where needed for clarification. 
The experimental trees constitute a selected sample from 
a group of trees studied in a one-year nursery row performance 
experiment. Results of this work indicated that the rootstock 
exerted the most influence on the performance of the grafted 
trees. The scion was intermediate in its. effect while the 
interstem exercised the least control on the growth of the 
grafted plants. A scion by root Interaction was also observed 
(Mahlstede, 1957). 
As noted previously a compromise in the manner of random­
ization restricted the statistical interpretation of this 
study in that only one replication of three trees was avail­
able for study. This necessitated the use of the four scion 
varieties as replicates in the analysis. However, the method 
of planting permitted the application of regular statistical 
procedures to the rootstock and interstem data. 
The experiment was planted on Marshall silt loam, a 
loess soil having a depth varying from 30 to 60 feet (Orrben 
and Paine, 1928). The analysis of this soil type is presented 
in Table 2. 
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Table 2. Mechanical analysis of Marshall silt loama 
Description Fine 
grav­
el 
Coarse 
sand 
Me­
dium 
sand 
Fine 
sand 
Very 
fine 
sand 
Silt Clay 
Top soil, 0-10" 0.0 0.2 0.0 0.3 13.2 59.1 27.3 
Subsoil, 10-30" 0.0 0.0 0.0 0.2 21.8 59.2 18.8 
Subsoil, 30-60" 0.0 0.0 0.0 0.2 28.6 45.7 25.5 
Subsoil, 60" + 0.0 0.0 0.0 0.0 15.0 70.6 14.5 
a0rrben and Paine, 1928. 
This soil type is well drained, although capable of ab­
sorbing large quantities of water. An analysis of the soil 
on which this experiment was planted revealed that the fer­
tility level over the area was quite uniform (Table 3)• 
The soil samples were collected according to accepted 
practice, each being a composite of four or more samples 
taken from each terrace. The shallow samples were collected 
from the top six to eight inches of soil, while the deep 
samples were collected from a level eighteen to twenty-four 
inches below the soil surface. The top soil samples were 
dark brown in color while the subsoil samples were somewhat 
lighter brown. 
Precipitation was the only weather data available during 
the period covered by this experiment. However, both pre­
cipitation and temperature data were available for Shenandoah, 
Iowa, which is located approximately 20 miles northeast of 
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Table 3* Soil analysis of the experimental area 
Location 
of sample 
Leach, 
vol­
ume 
Sol­
uble 
salts 
pH N°3 K P Ca CI CO
 
4T
° 
Terrace #1 
Shallow i 36 6.8 25 10 <20 <20 <150 
Deep i 40 7 3 8 <20 <20 <150 
Terrace #2 
Shallow i 32 7 20 10 *20 <20 <150 
Deep i 36 7.2 15 8 <20 <20 <150 
Terrace #3 
Shallow 40 7 25 10 <20 <20 <150 
Deep i 34 7 15 10 <20 <20 <150 
Terrace A 
Shallow i 38 7 5 5 <20 <20 <150 
Deep i 30 7 5 8 <20 <20 <150 
Hamburg. In general, favorable growing conditions prevailed 
throughout the period of experimentation. Data from each of 
the weather stations are recorded in Tables 4, 5 and 6 (U.S. 
Weather Bureau 1956, 57, 58, 59» 60). 
Tree Development as Determined by Height 
One of the main objectives of this experiment was to 
determine the influence of various components of a grafted 
apple tree on the rate of growth and ultimate size of specific 
graft combinations. It was anticipated that yearly height 
measurements would be one of the best indications of overall 
performance. 
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Table 4. Precipitation for Hamburg, Iowa (1956-1960) 
Month Precipitation* by year 
1956 1957 1958 1959 I960 
January .44 .51 .79 .52 2.11 
February .28 .11 .76 00
 
v
n
 
1.23 
March .16 2.52 1.16 3.83 1.90 
April 1.19 2.65 1.75 2.16 2.43 
May 2.73 3.79 4.06 8.61 3.36 
June 3.61 6.34 3.65 4.84 5.60 
July 4.21 2.79 10.79 1.99 1.59 
August 3-78 4.90 7.16 5.40 9.03 
September .70 3.43 7.64 5.60 2.85 
October 2.70 4.49 .00 3.52 b 
November 2.11 2.28 1.43 .64 b 
December .11 .8 7 .31 1.68 b 
Total 22.02 34.68 39.50 39.64 b 
aIri inches. 
D^ata not available. 
Height measurements after the first year of growth 
The height of the various graft combinations at the end 
of the first growing season, 1956, is recorded in Tables 7, 
8 and 
From the analysis it appears that a real difference 
existed between scions. However when regarding the tables 
Table 5» Precipitation and average temperature for Shenandoah, Iowa (1956-1960) 
Month Precipitation (inches) and average temperature (°F) 
1956 1957 1958 1959 1960 
Prec. Temp. Prec. Temp. Prec. Temp. Prec. Temp. Prec. Temp, 
January 0.40 23.9 0.57 19.2 0.98 26.8 .79 19.9 2.90 24.0 
February 0.53 28.3 0.20 32.5 0.64 21.0 1.11 27.0 1.56 21.9 
March 0.10 39.7 3-20 39.3 1.49 35.9 4.37 41.7 1.75 24.6 
April l.ii 50.5 2.94 51.3 1.37 52.1 2.00 51.6 2.60 55.2 
May 2.37 66.7 5.20 61.8 2.14 65.6 8.77 65.0 4.48 63.7 
June 3.44 76.4 6.20 71.1 2.29 70.1 4.18 74.0 5.93 70.7 
July 5.39 — — — 2.68 81.7 16.14 73-6 1.73 74.4 2.13 75.7 
August 4.67 76.7 3.75 76.9 3.58 75.9 9.90 79.1 7.49 76.2 
September 0.59 68.1 2.36 63.5 3.92 68.4 4.39 66.1 2.70 68.7 
October 3.10 61.8 4.48 51.9 Ta 58.0 3.51 51.4 2.36 56.5 
November 3.29 40.4 2.06 38.3 1.27 43.6 .52 34.9 .40 42.4 
December 0.19 33.5 0.86 35.9 .31 27.2 1.69 36.2 .54 30.1 
Total 25.18 34.50 34.13 40.96 34.84 
aT - trace. 
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Table 6. Maximum and minimum temperatures (®F) for June and 
July at Shenandoah, Iowa (1956-1960) 
Month 1956 1957 1958 1959 I960 
June Max. 104 92 96 95 92 
No. days over 90° 18 4 5 8 4 
Ave. min. 63.5 59.7 58.1 62.2 59 
Ave. max. . 89.2 82.4 82 85.8 80.8 
July Max. 106 104 92 95 98 
No. days over 90° 10 22 5 8 14 
Ave. min. 64.4 70.1 63-9 62.1 63-5 
Ave. max. 88.1 93-3 83.3 86.6 87-9 
Table 7- Average height in inchesf interstems/rootstocks 
(1956) 
Rootstock Interstem variety 
0-524 Clark M IX Robin M VII Total Mean 
Columbia 45.00 37.02 39*52 44.52 46.75 212.81 42.56 
Bedford 42.37 36.00 41.22 42.60 44.40 206.59 41.32 
Hopa 47.30 37.97 33.62 48.55 44.57 212.01 42.40 
Dolgo 45.26 39.45 38.07 41.22 39.70 203.70 40.74 
Anoka 48.02 33.25 41.10 38.22 44.97 205-56 41.11 
Beacon 45.27 39.20 22.00 44.72 40.42 191.61 38.32 
Hawk. Grng. 43.52 37.17 35.65 41.20 35-55 193.09 38.62 
Mcintosh 42.82 30-32 37-60 40-57 40.87 192.18 38.44 
Yel. Del. 37-75 36-45 38-15 40.15 42.80 195-30 39-06 
H^eight averaged (12 trees) over all scion varieties. 
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Table 7* (Continued) 
Rootstock ' Interstem variety 
0-524 Clark M IX Robin M VII Total Mean 
Robusta #5 42.95 35.00 38.50 38.40 43.63 198.48 39.70 
Total 440.26 361.83 365.43 420.15 423.66 2011.33 46.23 
Mean 44.03 36.18 36.54 42.01 42.37 
Table 8. Average height8 in inches, scion/rootstock (1956)b 
Rootstock Scion variety 
Jonathan Red 
Del. 
Yel. 
Del. 
Wine-
sat) 
Total Mean 
Columbia 41.96 45.22 44.68 38.40 170.26 42.56 
Bedford 43.14 39.72 41.51 40.91 165.28 41.32 
Hop a 45.18 41.38 46.12 36.94 169.62 42.40 
Dolgo 37.71 39.92 41.54 43.80 162.97 40.74 
Anoka 43.92 43.98 42.92 34.00 164.82 41.20 
Beacon 47.70 35.96 31.65 37.22 152.53 38.13 
Hawk. Grng. 36.53 41.97 39.36 38.10 155.96 38.99 
Mcintosh 38.32 41.82 35.16 39.30 154.60 38.65 
Yel. Del. 40.30 38.44 39.82 37.68 156.24 39.06 
Robusta #5 40.72 40.72 38.25 39.52 159.21 39.80 
Total 415.48 409.13 401.01 385.87 1611.49 40.29 
Mean 41.55 40.91 40.10 38.59 
A^verage of 15 trees. 
H^eight averaged over all interstems. 
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Table 9* Average height* in inches, scions/interstems, I960** 
Interstem Scion variety 
Jonathan Red Yel. wine- Total Mean 
Del. Del. gâS ; 
0-524 43.36 44.69 40.10 48.03 176.18 44.04 
Clark 38.91 38.45 35.05 31.58 143.99 36.00 
M IX 38.65 38.49 36.89 34.97 149.00 37.25 
Robin 45.13 43.52 44.08 35.34 168.07 42.02 
M VII 42.54 43.11 42.98 42.23 170.86 42.71 
Total 208.59 208.26 199.10 192.15 808.10 40.40 
Mean 41.72 41.65 39.82 38.43 
Average of 30 trees. Minor discrepancies between tables, 
in the overall means are caused by rounding accumulations and 
calculating means across different components which re­
distributes the trees that failed. 
H^eight averaged over all rootstock varieties. 
of means it is apparent that scion varieties averaged over 
all interstems and rootstocks vary only 3*3 inches. Although 
this difference was discernible statistically (Table 10) it 
does not necessarily imply that there was a practical differ­
ence between the height of the most dwarf and most vigorous 
combination. Jonathan and Red Delicious were quite similar 
in their performance, differing in height only by .02 inches. 
Yellow Delicious was less vigorous than Jonathan or Red 
Delicious while the Winesap trees were the most dwarf at this 
stage of the experiment. If the interstems 0-524, Robin, 
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Table 10. Analysis of variance for the 1956 height measure­
ments8 
Source of 
variation 
d.f. s.s. S • 
Scions 3 2287.03 795.67 
Interstems 4 1656.99 414.24 
S x I 12 1166.08 97.17 
Rootstocks 9 570.44 63.38 
S x R 27 .1351.28 50.04 
I x R 36 898.27 24.95 
S x I x R 108 3899.28 36.10 
aThis analysis includes the interstem 0-524. 
and M VII were grouped together and the Clark Dwarf and M IX 
considered together, all the combinations except Winesap/Robin 
appeared to be quite uniform within each grouping. The 
grouping is mentioned because both the Clark Dwarf and M IX 
interstems exerted a noticeable dwarfing influence when 
compared with the other three interstems. 
The analysis of variance shows that interstems produced 
a substantial effect on the stature of the trees in which 
they have been used as the bridging component. This further 
illustrates the theory that there were very real differences 
in the influence derived from the various interstem varieties. 
The Clark Dwarf, although variable, fluctuated only in the 
less vigorous range. Again, the average height of the 
40 
Winesap/Robin combination, a figure derived from 30 trees, 
was the only one that did not conform to the general pattern 
of growth in this two way table. It was impossible to as­
certain if this difference was actually real or existed be­
cause of the normal variation involved in these determinations. 
Rootstocks were shown to have little if any effect, at 
this point, on the development of these plants even though 
an influence was detected in an earlier experiment which 
dealt with the first year's performance in the nursery row. 
All the rootstocks performed within the range of their natural 
variability. Apparently the rootstock was most effective 
during the period when the plants were becoming established. 
The M IX/Beacon combination was distinctive for its extremely 
low height. It should be noted that six of the twelve trees 
that were to be included in this calculation failed. This 
relatively high mortality would indicate that a certain amount 
of incompatibility might be effecting this combination of 
rootstock and interstem. 
Mailing IX was quite uniform over the various scion 
combinations, while this was not true for the Clark Dwarf. 
However, M IX, when considered with rootstocks, varied a great 
deal more than the Clark Dwarf combinations. Much the same 
trend was noted with the Beacon and Anoka rootstocks. Beacon 
varied very little over scions and a great deal over inter­
stems. Just the opposite reaction was noted for Anoka. This 
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may be well within the range of natural variability for the 
rootstocks. 
Indications of the stem pitting virus were found in many 
of the 0-524 interstems. Whether this virus had infected the 
material before propagation of these plants or during the 
period of experimentation is unknown. The presence of this 
virus may have caused some of the variation in the performance 
of 0-524. It was impossible to separate any effect that the 
virus might have had, from the interstem effect. The virus 
may have been carried in one of the other components of the 
grafted plants and the symptoms expressed only in the 0-524 
interstem. Since the virus may have influenced the per­
formance of trees in which 0-524 had been used, an analysis 
of variance was calculated omitting this interstem (Table 11). 
Disregarding the 0-524 interstem substantially reduced 
the mean square for scions, although scions were not changed 
a great deal when compared to the three way interaction. The 
main effect of interstems was emphasized by eliminating the 
variable due to the virus on overall growth. The interstems 
remained essentially unchanged by this analysis. Any 
importance of the S x I interaction was eliminated, showing 
that 0-524 contributed more than a proportional amount to 
this mean square calculation. Evidently, 0-524 contributed 
almost three quarters of the variation in 1956. This vari­
ation was apparently caused by the virus or at least by 
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Table 11. Analysis of variance for the 1956 height measure­
ments8 
Source of 
variation 
d.f. s.s. m.s* 
Scions 3 1872.12 624.04 
Interstems 3 1245.69 415.23 
S x I 9 390.48 43.38 
Rootstocks 9 505.72 56.11 
S x R 9 1184.97 43.88 
I x R 27 748.17 27.71 
S x I x R 81 3026.14 37.35 
aThis analysis does not include the 0-524 interstem. 
having 0-524 in the experiment. When the data for subsequent 
years were considered it became apparent that the virus was 
contributing to this variation, or at least, that the reac­
tions attributable to 0-524 were more heavily weighted during 
the early periods in the life of the plant, when it was be­
coming established. This is not to conclude that the effect 
diminishes but that it may be due to other effects which 
overshadow these reactions. 
Considering only the rootstocks, height averaged over 
all scions and interstems fluctuated considerably. The 
analysis indicated that this was the normal variation that 
could be expected under the conditions of this experiment. 
Tree height however, is not the only important consideration 
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in a study of rootstocks as will be developed in the evalua­
tion of the survival data. 
It may be concluded that the rootstock and interactions 
(S x I; S x R; and I x R) were not effective in influencing 
height differences after one year on the permanent site. The 
real differences apparently were due to the main effects of 
scions and interstems. 
The ten most dwarf and the ten most vigorous interstem/ 
rootstock combinations for 1956 are listed in Table 12. 
Table 12. Height of trees considering interstem/rootstock 
combinations 
Dwarf 
combinations 
Height3 Vigorous 
combinations 
Height* 
M IX/Beacon 22.00b Robin/Hopa 48.55 
Clark/Mcintosh 30.22 0-524/Anoka 48.02 
Clark/Anoka 33-25 0-524/Hopa 47.30 
M IX/Hopa 33.62 M Vll/Columbia 46.75 
Clark/Robusta #5 35.00 0-524/Beacon 45.27 
M Vll/Hawk. Grng. 35.55 0-524/Dolgo 45.26 
M IX/Hawk. Grng. 35.65 0-524/Columbia 45.00 
Clark/Bedford 36.00 M VII/Anoka 44.97 
Clark/Yel. Del. 36.45 Robin/Beacon 44.72 
Clark/Columbia 37.02 M VII/Hopa 44.57 
aHeight in inches. 
^This combination displayed symptoms of incompatibility. 
Only six of the twelve original trees survived the first year. 
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Six of the ten dwarfing combinations contained Clark 
Dwarf interstems, while M IX appeared three times. It was 
apparent that these two interstem varieties performed quite 
similarly during the first two years of growth. Both inter­
stems were more dwarfing than the other selections used in 
this experiment. With young trees this differential in growth 
between the most vigorous and the most dwarf combination was 
not so great as to preclude modification of this list in 
future years. 
Height measurements after the second year of growth 
In the fall of 1957» after the trees had completed two 
full growing seasons, height measurements were again col­
lected. These data are contained in Tables 13, 14 and 15. 
The analysis of variance for the data presented above 
is recorded in Table 16. 
In Table 16 the mean square calculated for scions 
diminished rather sharply from that recorded in 1956. This 
figure still showed a definite effect of scions on tree 
development. The scions differed in their performance and 
evidently exerted a strong regulatory influence on tree 
development. Whether these differences have any practical 
significance is questionable. More important was the increase 
in the interstem mean square which had enlarged three fold 
over that recorded in 1956. Interstems became increasingly 
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Table 13. Average height3 in inches, interstems/rootstocks, 
1957b 
Rootstock Interstem varieties 
0-524 Clark M IX Robin M VII Total Mean 
Columbia 72 57 59.3 71.3 71.5 331 66.2 
Bedford 67-7 59 63.6 68.5 66.3 326 65.2 
Hopa 74 58.3 62 70.5 68.3 333 66.6 
Dolgo 69.3 54.4 61.8 66.97 64.17 316.77 63.4 
Anoka 75.5 58.8 61.3 68.8 72.8 338 67.6 
Beacon 72.8 62 56 70.5 70.3 332 66.4 
Hawk. Grng. 71.5 54.5 66.3 69.5 72.5 336 67.2 
McIntosh 67.3 56.3 60.2 66.5 62 312 62.4 
Yel. Del. 64.3 64.3 59.8 65 70.5 324 64.8 
Robusta #5 73.5 61 55 67.8 68.3 326 65.3 
Total 708.1 587.0 605.5 685.4 686.8 3277 65.5 
Mean 71 58.7 60.5 68.5 68.7 
aAverage of 12 trees. 
H^eight averaged over all scion varieties. 
important in determining tree stature. This is demonstrated 
in the two-way table which illustrates the fact that both 
Clark Dwarf and M IX interstems performed in the same range. 
Robin, 0-524 and M VII performed alike in a higher range. 
Clark Dwarf and M IX both administered a rather strong dwarf­
ing effect on the stature of the plant at this stage of 
growth. This may be in conflict with the observations of 
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Table 14. Average height3 in inches, scion/rootstock, 1957b 
Rootstocks Scion variety 
Jonathan Red 
Del. 
Yel. 
Del. 
Wine-
san 
Total Mean 
Columbia 67.59 69.54 64.58 65.02 266.73 66.68 
Bedford 66.22 58.00 68.70 67.24 260.16 65.04 
Hopa 66.84 64.82 70.02 65.60 267.28 66.82 
Dolgo 62.6 61.98 69.72 59.28 253 .5 63.37 
Anoka 64.68 68.44 71.02 66.52 270.66 67.66 
Beacon 63-32 69.90 66.46 71.66 271.34 67.83 
Hawk. Grng. 64.95 67.57 70.12 62.46 265.10 66.27 
Mcintosh 63.10 60.54 66.46 59.26 249.36 62.34 
Yel. Del. 62.20 63.16 67.97 65.14 258.47 64.62 
Robusta #5 67.92 64.76 70.00 62.82 265.50 66.37 
Total 636.90 648.71 685.05 645.00 2615.66 65.39 
Mean 63.69 64.87 68.50 64.50 261.57 
A^verage of 15 trees. 
H^eight averaged over all interstems • 
some growers who have noted that dwarf trees often perform 
similarly to standard trees for the first few years. After 
a certain height has been attained, dwarf trees appear to 
grow less vigorously. The effect of the interstem on height 
was well established in the second and third year of growth. 
Comparison of the scion/interstem interaction to the 
error term demonstrated that it did have an effect on height 
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Table 15. Average height in inches* scions/interstems, 1957^  
Interstem Scion_variety 
Jonathan Red 
Del. 
Yel. 
Del. 
Wine-
sat) 
Total Mean 
0-524 71.9 71.9 69.5 70 284 71 
Clark 60.1 56.9 59.3 57.7 234 58.5 
M IX 58 60.9 67.8 56.4 243 60.8 
Robin 69.9 67-9 71.8 65.2 2 75 68.8 
M VII 62.9 67 73.1 70.6 274 68.5 
Total 323 325 342 320 1310 65.5 
Mean 64.6 65 68.4 64 262 
A^verage of 30 trees. 
H^eight averaged over all rootstock varieties. 
Table 16. Analysis of variance for the 1957 height measure 
ments* 
Source of 
variation 
d.f. s.s. BUS* 
Scions 3 649.51 216.50 
Interstems 4 5160.29 1290.07 
S x I 12 1060.87 88.40 
Rootstocks 9 365.19 40.57 
S x R 27 850.72 31.50 
I x R 36 1220.66 33.90 
S x I x R 108 3185.24 29.49 
aThis analysis includes the interstem 0-524. 
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development. This was further supported by the analysis, 
omitting the 0-524 interstem, depicted in Table 17. 
Disregarding the 0-524 interstem in the analysis of 
variance enlarged the mean square for scions, while causing 
minor reductions in the mean squares for interstems and the 
Table 17. Analysis of variance for 1957 height measurements8 
Source of 
variation 
d.f. s.s. m* s • 
Scions 3 952.73 317.57 
Interstems 3 3613.67 1204.55 
S x I 9 698.97 77.66 
Rootstocks 9 242.97 27.44 
S x R 27 830.72 30.76 
I x R 27 903.70 33.47 
S x I x R 81 2560.54 31.61 
aOmitting the 0-524 interstem. 
scion by interstem interaction. Scions remained important 
and the magnitude of the interstem effect increased over that 
found in 1956. This substantiates the conclusion that real 
differences existed and that the most important contributing 
influence was derived from the interstem varieties. This 
analysis resulted in a reduction of the scion by interstem 
reaction, although it retained some importance. In all 
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probability, this was the first year that the scion by inter­
stem reaction actually controlled some of the physiological 
and growth processes of the plant. In the 1956 analysis, 
which omitted the 0-524 interstem, this interaction was not 
important. There was no change in the readings for the other 
factors considered in the analysis. One salient point brought 
out by this experiment was the fact that the scion/interstem 
reaction actually became effective during the third growing 
season following propagation, rather than earlier. 
At this stage in the experiment Yellow Delicious was 
slightly more vigorous than Winesap, Jonathan, or Red 
Delicious. One conspicuous combination was Red Delicious/ 
Bedford, which was more dwarf, on the average, than either 
the M IX or Clark Dwarf combinations. A listing of the scion 
by rootstock combinations in order of dwarfness and vigor is 
contained in Table 18. 
The scion variety Winesap did not appear in the vigorous 
tabulations. Yellow Delicious appeared as the scion variety 
in five of the most vigorous associations yet was found only 
as a rootstock in the dwarf category. The rootstock combina­
tions with Bedford, Dolgo, and Hawkeye Greening behaved 
similarly in that the height of the tree at this stage of 
growth appeared to be determined by the specific combination. 
The actual height attained by the various scion/interstem 
combinations averaged over all rootstocks is recorded in 
50 
Table 18. The ten most dwarfing and ten most vigorous 
scion/rootstock combinations, 1957 
Dwarf Height® Vigorous Height* 
Red Del ./Bedford*1 58 Yel. Del./Anoka 71 
Winesap/Mclntosh 59 Yel. Del./Hopa 70 
Winesap/Dolgo 59 Yel. Del./Dolgo 70 
Red Del./Mcintosh^  61 Yel. Del./Hawk. Grng. 70 
Red Del./Dolgo 61 Yel. Del./Robusta #5 70 
Jonathan/Yel. Del. 62 Red Del./Beacon 70 
Winesap/Hawk. Grng. 62 Red Del./Columbia 69 
Jonathan/Dolgo 63 Red Del./Anoka 69 
Winesap/Robusta #5 63 Yel. Del./Bedford 68 
Jonathan/Mclntosh 63 Jonathan/Columbia 68 
aIn inches. 
C^ombinations with 100 per cent survival. 
Table 19. Differences were relatively small between con­
secutive individuals, but were quite widely spaced between 
the extremes. 
Disregarding scion varieties, a comparison of the ten 
most dwarfing and ten most vigorous interstem/rootstock com­
bination is contained in Table 20. 
In 1957, seventy per cent of the most dwarf combinations 
contained the Clark Dwarf interstem, while M IX made up the 
remaining thirty per cent. At this stage of the experiment 
51 
Table 19. Height of specific scion/interstem combinations8 
Scion/interstem Height 
Yel. Del./M VII 73.1 
Red Del./0-524 71.9 
J onathan/0-524 71.9 
Yel. Del./Robin 71.8 
Winesap/M VII 70.6 
Winesap/0-524 70.1 
Jonathan/Robin 69.9 
Yel. Del./0-524 69.5 
Red Del./Robin 67.9 
Yel. Del./M IX 67.5 
Red Del./M VII 67.0 
Mean 65.5 
Winesap/Robin 65.2 
Jonathan/M VII 62.7 
Red Del./M IX 60.9 
Jonathan/Clark 60.1 
Yel. Del./Clark 59.3 
Jonathan/M IX 58.0 
Winesap/Clark 57.7 
Red Del./Clark 56.9 
Winesap/M IX 56.4 
aAveraged over all rootstocks, 1957. 
bin inches. 
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Table 20. Ten most dwarf and ten most vigorous interstem/ 
rootstock combinations, 1957 
Dwarf Height* Vigorous Height* 
Clark/Hawk. Grng. 54.50 0-524/Anoka 75.50 
Clark/Dolgo 54.40 O-524/Hopa 74.00 
M IX/Robusta #5 55.00 O-524/Robusta #5 73-50 
M IX/Beacon 56.oob 0-524/Beacon 72.80 
Clark/Mcintosh 56.30 M VII/Anoka 72.80 
Clark/Columbia 57.00 M VII/Hawk. Grng. 72.50 
Clark/Hopa 58.30 0-524/Columbia 72.00 
Clark/Anoka 58.80 O-524/Hawk. Grng. 71.50 
Clark/Bedford 59.00 M VII/Columbia 71.50 
M IX/Columbia 59.30 Robin/Columbia 71.30 
aAverage height in inches. ~ 
bThis combination displayed symptoms of incompatibility; 
only six of the twelve original trees survived the first 
year. 
Clark Dwarf was consistently the most dwarfing interstem 
used. In fact, both Clark and M IX could be separated from 
the other interstems on this basis. 
Under the conditions of this experiment Clark Dwarf was 
the most dwarfing interstem, followed by M IX, M VII, Robin, 
and 0-524, in order. Mailing IX did not appear to be quite 
as effective with Yellow Delicious as with the other scion 
varieties, although Yellow Delicious generally was more 
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vigorous than the other scion varieties. 
Height measurements after the third year of growth 
The data collected after the trees had grown three years 
on the test site are presented in Tables 21, 22 and 23. The 
analysis of variance for these data, collected in 1958, fol­
lows (Table 24). 
A comparison of the mean square figures with those of 
1957 showed a striking increase in the interstem measure­
ments. This increase was somewhat larger than noticed be­
tween 1956 and 1957. Of particular interest was the scion 
mean square which had dropped to the point where little 
importance could be attached to it. Evidently, the scions 
exerted little regulating influence on the stature of the 
trees during 1958. The interstems were the dominating 
component regulating the growth of these trees. The analysis 
of variance omitting the 0-524 interstem (Table 25) coincides 
with these findings. 
Omitting the 0-524 interstem from the analysis increased 
the mean square for interstems even more than was noted in 
the former analysis. The mean square for scions increased 
slightly but still was of little importance. There was es­
sentially no change in the interpretation between this anal­
ysis and that of the one including the 0-524 interstem. How­
ever, the foregoing analysis establishes a more concise 
Table 21. Average height in inches3, interstems/rootstocks, 1958^ 
Rootstock Interstem variety 
0-524 Clark H IX Robin M VII Total Mean 
Columbia 109. 00 
o
 
CO 
62 92. 50 113. 50 108. 00 503. 62 100.72 
Bedford 93. 67 80. 50 92. 50 108. 07 100. 00 474. 74 94.95 
Hopa 112. 13 78. 52 87. 80 103. 17 102. 50 484. 12 96.48 
Dolgo 97. 13 73. 50 90. 00 110. 25 98. 75 469. 62 93.92 
Anoka 112. 87 84, 50 92. 00 110. 00 110. 50 509. 87 101.97 
Beacon 100. 50 87, .25 79. 25 107. 62 101. 50 476. 12 95.22 
Hawk. Grng. 105. 50 81. 75 98. 25 101. 90 100. 75 488. 15 97.63 1 
Mcintosh 100. 25 81, .37 91. 25 103-95 100. 87 476. 99 95.40 
Yel. Del. 101. 25 91. 37 91. 25 102. 90 94. 75 481. 52 96.30 
Robusta #5 110. 25 84, .75 87. 00 109. 12 101. 00 492. 112 98.42 
Total 4170. 20 3127. 10 3428. 20 4171. 30 3772. 00 4856. 87 97.14 
Mean 104. 25 82, .29 90. 21 106. 96 101. 94 
aAverage of twelve trees. 
^Height averaged over all scion varieties. 
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Table 22. Average height® in inches, s ci on/roots t o ck, 1958** 
Rootstock ' Scion variety 
Jonathan Red Yel. Wine- TotalMean 
Del. Del. sat) 
Columbia 102.90 105.40 92.60 102.00 402.90 100.72 
Bedford 94.54 89.40 96.86 99.00 379.80 94.95 
Hopa 94.74 95.02 103.50 91.75 385.01 96.25 
Dolgo 91.4 94.00 99.80 90.50 375.70 93.92 
Anoka 91.40 107.40 104.12 101.00 403.92 100.98 
Beacon 90.50 101.20 96.00 93.20 380.90 95.22 
Hawk. Grng. 98.62 103.25 102.22 86.50 390.59 97.65 
Mcintosh 92.10 93.10 98.56 98.40 382.16 95.54 
Yel. Del. 101.60 98.50 92.12 92.40 384.62 96.15 
Robusta #5 102.25 98.30 96.25 100.40 397.70 99.42 
Total 966.45 985.57 982.0 955.15 3889.17 97.22 
Mean 96.29 98.56 98.20 95.51 
®Average of 15 trees. 
H^eight averaged over all interstems. 
Table 23. Average height® in inches, scion/interstem, 1958b 
Interstem Scion variety 
Jonathan Red Yel. Wine- Total Mean 
DejU „ Del. §â£ 
0-524 111.97 106.35 100.65 98.05 417.02 104.25 
Clark 79.83 88.46 78.50 81.75 328.54 82.13 
®Average of 30 trees. 
H^eight averaged over all rootstock varieties. 
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Table 23. (Continued) 
Interstem Scion variety 
Jonathan RedYel.Wine-TotalMean 
Del. Del. sat) 
M IX 87.92 89.20 98.06 87.25 362.43 90.61 
Robin 106.85 106.55 110.73 104.17 428.30 107.07 
M VII 94.28 102.11 103.17 107.60 407.16 101.79 
Total 480.85 492.67 491.11 478.82 1943.45 97.17 
Mean 96.17 98.43 98.22 95.76 388.69 
Table 24. Analysis of variance for the 1958 height measure­
ments* 
Source of 
variation 
d.f.™ s.s. m.s. 
Scions 3 508.38 169.46 
Interstems 4 18772.83 4693.20 
S x I 12 3593.52 299.46 
Rootstocks 9 1198.13 133.12 
S x R 27 2491.21 92.26 
I x R 36 2767.38 76.87 
S x I x R 108 9081.53 84.08 
A^nalysis includes interstem 0-524. 
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Table 25. Analysis of variance for the 1958 height measure­
ments* 
Source of 
variation 
d.f. S • S e IDle s • 
Scions 3 844.31 281.43 
Interstems 3 15529.21 5196.40 
S x I 9 1848.64 205.40 
Rootstocks 9 716.99 79.66 
S x R 27 2342.99 86.77 
I x R 27 2128.62 78.83 
S x I x R 81 6394.58 78.94 
aOmitting the 0-524 interstem. 
interpretation of the actual trends. 
There were several changes in the ranking of the ten 
most dwarfing and ten most vigorous scion/rootstock combina­
tions compared to the previous year (Table 26). 
In 1957, ten of the most vigorous combinations involved 
six Yellow Delicious, three Red Delicious, and one Jonathan 
scion variety. Yellow Delicious/Anoka ranked first on the 
basis of vigor in 1957, while Yellow Delicious/Hopa was 
second, Yellow Delicious/Dolgo third, Yellow Delicious/Hawkeye 
Greening fourth, Yellow Delicious/Robusta #5 fifth, Red 
Delicious/Columbia seventh and Red Delicious/Anoka ranked 
eighth. Red Delicious/Anoka changed from the eighth position 
to the first position, followed by Red Deliclous/Columbia. 
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Table 26. The ten most dwarfing and ten most vigorous 
scion/rootstock combinations, 1958 
Dwarf Height3 Vigorous Height' 
Winesap/Hawk. Grng. 86.40 Red Del./Anoka 107.40 
Red Del./Bedford 89.40 Red Del./Columbia 105.40 
Jonathan/Beacon 90.50 Yel. Del./Robusta #5 104.20 
Winesap/Dolgo 90.50 Yel. Del./Anoka 104.13 
Jonathan/Dolgo 91.40 Yel. Del./Hopa 103.50 
Winesap/Hopa 91.75 Red Del./Hawk. Grng. 103.25 
Jonathan/Mdntosh 92.10 Jonathan/Columbia 102.90 
Yel. Del./Yel. Del. 92.12 Jonathan/Robusta #5 102.25 
Winesap/Yel. Del. 92.40 Yel. Del./Hawk. Grng. 102.22 
Yel. Del./Columbia 92.60 Jonathan/Yel. Del. 102.20 
aIn inches. 
Rootstocks Dolgo and Beacon no longer appeared in the listing. 
Although the Red Delicious/Bedford combination was no longer 
the most dwarf, it remained in the very small tree category. 
Only three of the most dwarf combinations in 1957 were re­
peated in 1958. These were Red Delicious/Bedford which ranked 
as the most dwarf, Winesap/Dolgo which was third, and 
Winesap/Hawkeye Greening which was ranked seventh. It is 
possible that this ranking will change every year, but some 
importance may be accrued to those combinations which remain. 
The change reflected, in part, the natural variability of the 
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rootstocks and demonstrated the reason for the inconsequential 
readings in some of the mean square calculations. 
The two-way tables again revealed Clark Dwarf to be the 
most consistently dwarfing interstem, followed by M IX, M VII, 
0-524, and Robin. Clark Dwarf and M IX, with few exceptions, 
remained in the dwarfing category while the other interstems 
fell more into a semi-dwarf to standard ranking. 
Under the conditions of this experiment the interstem 
exerted by far the most influence in regulating the stature 
of the tree when compared with the other components of the 
grafted plant at this stage of development. The greatest 
contributing factor to reduced tree height was attributable 
to the known dwarfing effect caused by the use of the two 
dwarfing interstems, Clark Dwarf and M IX. 
In all cases except one, the interstems Clark Dwarf and 
M IX were ranked below the mean height when considering the 
list of scion/interstem combinations in order of their height 
(Table 27). 
In 1958 again the Yellow.Delicious/M IX combination 
performed above the median for the grouping, while Jonathan/ 
M VII performed below it. Clark Dwarf and M IX consistently 
exerted a more dwarfing influence on the stature of the trees 
than the other interstems. The Jonathan/M VII combination, 
if it continues to perform as in the previous two years, 
might point to another specific scion/interstem reaction that 
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Table 27. Height of specific scion/interstem combinations8 
Scion/interstem Height13 
Jonathan/0-524 111.97 
Yel. Del./Robin 110.73 
Winesap/M VII 107.60 
Jonathan/Robin 106.85 
Red Del./Robin 106.55 
Red Del./0-524 106.35 
Winesap/Robin 104.17 
Yel. Del./M VII 103.17 
Red Del./M VII 102.41 
Yel. Del./0-524 100.65 
Yel. Del./M IX 98.06 
Winesap/0-524 98.05 
Mean 97-27 
Jonathan/M VII 94.28 
Red Del./M IX 89.20 
Red Del./Clark 88.46 
Jonathan/M IX 87*92 
Winesap/M IX 87.25 
Winesap/Clark 81.75 
Jonathan/Clark 79.83 
Yel. Del./Clark 78.50 
aAveraged over all rootstocks, 1958. 
I^n inches. 
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could be of value. 
Individual observations revealed that combinations of 
Robin and Hopa with Winesap were incompatible. All three 
trees of this combination snapped at the rootstock/interstem 
union. Similar symptoms were found with the Jonathan/Clark 
Dwarf/Columbia combination in which one tree was found broken 
at the union of Clark Dwarf with Jonathan. Horizontal crack­
ing was noted at the scion/interstem union of the Red 
Delicious/M IX/Anoka combination, which might be classed as 
a symptom of incompatibility. Two combinations with 0-524 
displayed peculiar vertical splitting of the interstem. Al­
though it was not ascertained, it is possible that this was 
associated with interstems infected with the stem-pitting 
virus. These combinations were Yellow Dellcious/O-524/Hawkeye 
Greening and Red Delicious/0-524/Anoka. Severe gopher damage 
was conspicuous on Yellow Delicious/M VII/Hopa and Yellow 
Delicious/M VII/Yellow Delicious combinations. However, it 
could not be concluded that gophers preferred the Yellow 
Delicious/M VII combination since field location, among other 
factors probably was of more importance in determining where 
the animals located their burrows. 
Some of the most desirable trees from the standpoint of 
appearance, in 1958, were the Jonathan/Robin/Dolgo combina­
tion trees. However, they could not be classified as being 
dwarf. 
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The ten most dwarf and the ten most vigorous interstem/ 
rootstock combinations for 1958 are contained in Table 28. 
Each succeeding year has resulted in the more frequent 
appearance of Clark Dwarf in the list of the ten most dwarf 
combinations. In 1958, eight of the ten combinations listed 
Table 28. Ten most dwarf and ten most vigorous interstem/ 
rootstock combinations 
Dwarf Height* Vigorous Height1 
Clark/Dolgo 73-50 Robin/Columbia 113.50 
Clark/Hopa 78.52 0-524/Anoka 112.13 
M IX/Beaconb 79.25 0-524/Hopa 112.13 
Clark/Bedford 80.50 M VII/Anoka 110.50 
Clark/Columbia 80.62 O-524/Robusta #5 110.25 
Clark/Mcintosh 81.37 Robin/Dolgo 110.25 
Cla rk/Hawk. Grng. 81.75 Robin/Anoka 110.00 
Clark/Anoka 84.50 Robin/Robusta #5 109.12 
Clark/Robusta #5 84.75 0-524/Columbia 109.00 
M IX/Robusta #5 87.00 Robin/Bedford 108.07 
aIn inches. 
bThis combination displayed symptoms of incompatibility. 
in the dwarf category had a Clark Dwarf interstem. The M IX/ 
Beacon combination, although dwarf, was of questionable value 
due to the early exhibition of symptoms that could be as­
sociated with incompatibility. Six of the ten most dwarf 
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combinations were also mentioned in the 1956 listing with five 
of these being repeated in the 1957 listing. Robin and 
0-524 dominated the vigorous combinations, but there were 
more changes in the yearly listing of the vigorous combina­
tions than in the dwarf rankings. Both Robin and 0-524 
represented the most vigorous or least dwarfing of the inter­
stems . 
Height measurements after the fourth year of growth 
After the trees had completed their seasonal growth and 
were dormant, data were collected in the fall of 1959. The 
height measurement data are contained in Tables 29, 30 and 
31. The analysis of variance is presented in Table 32 fol­
lowing these. 
Again this year, the mean square calculated for the 
interstems increased greatly, demonstrating that these com­
ponents exerted by far the most influence on tree stature. 
Scions have been inconsistent in their performance. In 1958, 
the scion varieties were of little consequence, although in 
1959 they again displayed considerable effect on plant growth. 
This inconsistency is difficult to explain since environmental 
conditions in 1958 were not unlike those of the other growing 
seasons. The season was relatively late, freezing most of 
the blossoms, but there was no obvious damage to the vegeta­
tive parts of the plants. This might have been the first 
Table 29. Average height® in inches, interstem/rootstock, 1959^  
Rootstock Interstem varieties 
0-924 Clark M IX Robin M VII Total Mean 
Columbia 135. 00 101 .67 111. 00 144. 12 126. 87 618.66 123.73 
Bedford 132. 50 98 .87 114. 37 128. 50 121. 50 595.74 118.95 
Hopa 136. 87 101 .50 111. 75 130. 00 119. 25 599.37 119.87 
Dolgo 130. 66 92 .00 109. 37 129. 62 121. 62 583.27 116.65 
Anoka 140. 37 99 .37 114. 33 128. 71 130. 00 612.78 122.56 
Beacon 131. 75 108 .25 102. 87 130. 50 121. 62 594.99 119.00 
Hawk. Grng. l4l. 25 102 .50 121. 50 124. 37 127. 75 613.37 122.67 
Mcintosh 125. 62 95 .25 110. 25 127. 50 
ON 1—! H
 62 578.24 115.65 
Yel. Del. 129. 12 102 .12 105. 50 120. 12 121. 12 577.98 115.60 
Robusta #5 133. 62 97. 28 112. 55 131. 91 118. 60 593.96 118.79 
Total 1336. 76 998 .81 1113. ,49 1295. 35 1221. 85 5972.36 
Mean 133-,68 99 .88 ill. • 35 129. 53 122. 79 119.32 
A^verage of twelve trees. 
H^eight averaged over all scions. 
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Table 30. Average height8 in inches, scion/rootstock, 1959b 
Rootstock Scion variety 
Jonathan Red 
Del. 
Yel. 
Del. 
Wine-
sat) 
Total Mean 
Columbia 116.10 122.10 132.25 122.60 493.05 123.26 
Bedford 114.10 121.00 117.70 123.80 476.60 119.15 
Hopa 111.60 121.00 121.60 124.12 478.32 119.58 
Dolgo 107.60 121.30 120.33 117.40 466.63 116.65 
Anoka 112.87 127.50 126.25 126.00 492.62 123.15 
Beacon 108.80 124.50 120.80 121.90 476.00 119.00 
Hawk. Grng. 118.12 127.25 132.50 116.87 494.74 123.68 
Mcintosh 108.40 118.80 121.70 113.70 462.60 115.65 
Yel. Del. 112.80 125.90 108.00 115.70 462.40 115.60 
Robusta #5 111.23 115.37 127.50 125.10 479.20 119.80 
Total 1121.62 1224.72 1228.63 1207.19 4782.16 
Mean 112.16 122.47 122.86 120.72 119.55 
A^verage of 15 trees. 
H^eight averaged over all interstems. 
detectable influence of a cyclic growth pattern. This point 
however would require more intensive research before definite 
conclusions might be formulated. The scion/interstem reaction 
displayed a slight increase in effect this year, as it had 
in the previous years. 
This year, omitting the 0-524 interstem from the analysis 
(Table 33)> increased the scion mean square while reducing 
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Table 31. Average height3 in inches, scion/interstem, 1959^  
Interstem Scion variety 
Jonathan Red Del. Yel. Wine- Total Mean 
Del. sat) 
0-524 133.80 136.55 126.17 138.20 534.72 133.68 
Clark 85.60 107.60 105.62 100.94 399.76 99.94 
M IX 103.95 110.65 122.69 108.95 446.24 111.56 
Robin 126.50 129.55 133.65 123.83 513.53 128.38 
M VII 110.17 129.69 119.72 130.05 489.63 595.97 
Total 560.02 614.04 607.85 601.97 2383.88 595.97 
Mean 112.00 122.81 121.57 120.39 119.19 
A^verage of 30 trees. 
b Height averaged over all rootstock varieties. 
Table 32. Analysis of variance for the 1959 height measure­
ments3 
Source of 
variation 
d.f. s.s. m. s. 
Scions 3 3592.12 1197.37 
Interstems 4 29343.75 7335.93 
S x I 12 5346.72 445.56 
Rootstocks 9 1314.38 146.04 
S x R 27 2506.53 92.83 
I x R 36 2279.14 63.30 
S x I x R 108 10336.14 95.71 
3Includes 0-524 interstem. 
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Table 33. Analysis of variance for the 1959 height measure­
ments3 
Source of 
variation 
d.f • s.s. m.s. 
Scions 3 4775.61 1591.87 
Interstems 3 18851.54- 6283.84 
S x I 9 3312.41 368.04 
Rootstocks 9 766.95 85.22 
S x R 27 2544.33 94.23 
I x R 27 1971.13 73.00 
S x I x R 81 8005.50 98.83 
aOmitting the 0-524 interstem. 
the interstem and scion/interstem mean square calculations. 
However, all of these mean square figures showed that scions, 
interstems, and their interaction, had a strong influence on 
the performance of the plants in the experiment. The 
scion/interstem reaction followed the pattern of a steady 
increase in effect during each successive year of the experi­
mental planting. The interstem effect appeared to have 
leveled off, in that it was similar to the 1958 computation 
which did not include the interstem 0-524. 
Many changes occurred in the ranking of the ten most 
dwarfing and vigorous s cion/root s to ck combinations at the 
conclusion of the fourth growing season (Table 34). It should 
be recognized that four of the dwarfs were repeated from the 
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Table 34. The ten most dwarfing and ten most vigorous 
scion/rootstook combinations, 1959 
Dwarf Height3 Vigorous Height* 
Jonathan/Dolgo 107. 60 Yel. Del./Hawk. Grng. 132.50 
Yel. Del./Yel. Del. 108. 00 Yel. Del./Columbia 132.25 
Jonathan/Mclntosh 108. 40 Yel. Del./Robusta #5 127.50 
J onathan/Bea con 108. 80 Red Del./Anoka 127.50 
Jona than/Robus ta #5 111. 23 Red Del./Hawk. Grng. 127.25 
Jonathan/Hopa 111. 60 Yel. Del./Anoka 126.25 
Jonathan/Yel. Del. 112. 80 Winesap/Anoka 126.00 
Jonathan/Anoka 112. 87 Red Del./Yel. Del. 125.90 
Winesap/Mclntosh 113. 70 Winesap/Robusta #5 125.10 
Jonathan/Bedford 114. 10 Red Del./Beacon 124.50 
aIn inches. 
previous year and four of the vigorous combinations appeared 
in the ranking for three years. The most vigorous combination 
was listed in the 1957 schedule (Table 18). Seventy per cent 
of the combinations in the dwarfing list incorporated the 
use of Jonathan scions. 
Again, Jonathan was not found among the listing of 
vigorous combinations. This was the first year that the 
Red Delicious/Bedford combination did not appear in the sum­
mary table of dwarf combinations. In 1959, this combination 
performed just below the mean for the Red Delicious scions. 
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The two way tables reveal Clark Dwarf to be the most 
dwarfing interstem, followed by M IX, M VII, Robin, and 0-524, 
in order. The Jonathan/Clark Dwarf combinations were, on the 
average, more dwarf than any of the other small trees in the 
experiment. This was reflected in the previous table (Table 
27) of dwarf and vigorous combinations. Little could be 
concluded about the effect of rootstocks except that most of 
the variation could be attributed to the natural variation 
of this material. 
From the scion/interstem tabulation in Table 35 it was 
evident that, with only one exception, both Clark Dwarf and 
M IX were below average in growth for the experiment. 
The most noticeable change from 1958 was the change in 
position of the Winesap/O-524 combination from twelfth to 
first place. The majority of other changes involved only 
minor fluctuations in ranking. The Yellow Delicious/M IX 
combination continued to perform in the vigorous range. Clark 
Dwarf maintained the position of the most dwarfing interstem. 
The consistency of this performance was evidenced by the fact 
that of the five most dwarf combinations, four contained 
Clark Dwarf interstems. 
Rabbit damage was particularly severe during the winter 
of 1959. This was most evident on the dwarfing interstems. 
The rabbits gave preference to the dwarfing interstems in the 
planting. In the majority of the cases the only component 
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Table 35* Height of specific scion/interstem combinations8 
Scion/interstem Heightb 
Winesap/0-524 138.20 
Red Del./0-524 136.55 
Jonathan/0-524 133*80 
Yel. Del./Robin 133.65 
Winesap/M VII 130.05 
Red Del./M VII 129.69 
Red Del./Robin 129.55 
Jonathan/Robin ~ 126.50 
Yel. Del./0-524 126.17 
Winesap/Robin 123.83 
Yel. Del./M IX 122.69 
Yel. Del./M VII 119.72 
Mean 119*19 
Red Del./M IX 110.65 
Jonathan/M VII 110.17 
Winesap/M IX 108.95 
Red Del./Clark 107.60 
Yel. Del./Clark 105.62 
Jonathan/M IX 103*95 
Wlnesap/Clark 100.94 
Jonathan/Clark 85*60 
aAveraged over all rootstocks, 1959* 
b 
In inches* 
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of a tree to be eaten was the interstem. Rabbits completely 
girdled Yellow Delicious/Clark Dwarf/Yellow Delicious, and 
Winesap/Clark Dwarf on Mcintosh, Yellow Delicious, and Robusta 
No. 5* Rabbit damage was also noted on the interstem of the 
Red Delicious/O-524/Bedford and Mcintosh combinations. 
Vertical stem splitting was noted on the interstem 0-524 and 
on the Red Delicious/Clark Dwarf/Anoka combination. 
The 1959 evaluation of the ten most dwarf and ten most 
vigorous interstem/rootstock combinations is presented in 
Table 36. 
Ninety per cent of the most dwarfing combinations were 
those utilizing the Clark Dwarf interstem. Regardless of 
scion or rootstock variety, Clark Dwarf exerted the most 
consistent dwarfing effect of the interstems employed. The 
vigorous combinations were less variable in 1959» The 0-524 
interstem contributed the most invigorating influence on the 
plants, regardless of rootstock or scion variety. Trees with 
the Robin interstem approached the size of those on 0-524, 
a characteristic which has persisted throughout the course 
of the experiment. 
Height measurements after the fifth year of growth 
Data collected after five years of growth are contained 
in Tables 37» 38 and 39» The analysis for these data follows 
in Table 40. 
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Table 36. Ten most dwarf and ten most vigorous interstem/ 
rootstock combinations 
Dwarf Height8 Vigorous Height1 
Clark/Dolgo 92.00 Robin/Columbia 144.12 
Clark/Mcintosh 95.50 O-524/Hawk. Grng. 141.25 
Clark/Robusta #5 97.28 0-524/Anoka 140.37 
Clark/Bedford 98.87 O-524/Hopa 136.87 
Clark/Anoka 99.37 O-524/Columbia 135.00 
Clark/Hopa 101.50 O-524/Robusta #5 133.62 
Clark/Columbia 101.67 O-524/Bedford 132.50 
Clark/Yel. Del. 102.12 Robin/Robusta #5 131.91 
Clark/Hawk. Grng. 102.50 O-524/Beacon 131.75 
M IX/Beacon 102.87b O-524/Dolgo 130.66 
aIn inches. 
bThis combination showed symptoms of incompatibility 
during the early years of the experiment. 
Table 37. Average height in inches,3 interstem/rootstock, 
1960b 
Root- Interstem varieties 
stock 0-524 Clark M IX Robin M VII Total Mean "" 
Columbia 157.00 110.00 121.50 163.62 143.75 695.87 139.17 
Bedford 158.83 123.33 129.37 151.62 137.50 700.65 140.13 
Hopa 155.37 117.50 133.37 154.67 141.12 702.03 140.41 
aAverage of twelve trees. 
H^eight averaged over all scions. 
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Table 37. (Continued) 
Root- Interstem varieties 
stock 0-524 Clark M IX Robin M VII Total Mean 
Dolgo 156.58 107-37 132.62 153.87 140.62 491.06 138.21 
Anoka 161.00 119.12 135.33 157.87 150.37 723-69 144.74 
Beacon 142.12 120.87 117.50 146.58 142.50 669.57 133.91 
Hawk. 
Grng. 160.87 112.50 135.75 152.00 147.25 708.37 141.67 
Mcintosh 146.37 ill.37 126.75 154.37 136.37 675.23 135-05 
Yel. 152.37 110.62 120.50 147.75 141.12 672.36 134.47 
Del. 
Robusta 
#5 162.50 111.00 128.00 158.75 147.33 707.58 141.52 
Total 1553.01 1143.68 1280.69 1541.10 1427.93 6946.41 
Mean 155.30 114.37 128.07 154.11 142.78 138.93 
Table 38. Average height3 in inches, scion/rootstock, i960*1 
Rootstock Scion variety 
Jonathan Red Yel. Wine- Total Mean 
Del. Del. sap 
Columbia 136.00 139-70 143.50 144.20 563-40 140.85 
Bedford 150.83 137-30 130.90 147.00 566.03 l4l.5l 
Hopa 133.20 139-00 140.60 147.37 560.17 140.04 
Dolgo 122.37 144.20 141.10 145.20 552.87 138.22 
Anoka 137-40 149.50 147-00 144.70 578.6 144.65 
Beacon 129-87 138.60 124.80 142.40 535-67 133-92 
A^verage of 15 trees. 
H^eight averaged over all interstems. 
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Table 38. (Continued) 
Rootstock Scion variety 
Jonathan Red 
Del. 
Yel. 
Del. 
Wine-
sau 
Total Mean 
Hawk. Grng. 141.37 143.75 144.70 140.62 570.44 142.61 
Mcintosh 129.50 139.10 140.20 131.40 540.20 135.05 
Yel. Del. 130.60 144.80 129.40 133.20 538.00 134.50 
Robusta #5 133.40 139.80 139.87 152.90 565.97 141.49 
Total 1344.54 1415.75 1382.07 1428.99 5571.35 
Mean 134.59 141.53 138.82 142.85 139.28 
Table 39. Average height3 in inches, scion/interstem, 1960b 
Interstem Scion variety 
Jonathan Red 
Del. 
Yel. 
Del. 
Wine-
san 
Total Mean 
0-524 165.17 155.25 142.75 158.05 621.22 155.30 
Clark 98.39 129.95 116.25 114.78 459.37 114.84 
M IX 122.45 123.90 135.69 131.50 513.54 128.38 
Robin 153.98 150.75 157.90 153.77 6l6.40 154.10 
M VII 128.78 148.50 136.16 154.90 568.34 142.08 
Total 668.77 708.35 688.75 713.00 2778.87 
Mean 133.75 141.67 137.75 142.60 138.94 
A^verage of 30 trees. 
H^eight averaged over all rootstock varieties. 
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Table 40. Analysis of variance for the i960 height measure­
ments3 
Source of 
variation 
d.f. s.s. m.s. 
Scions 3 2845.12 948.38 
Interstems 4 49280.01 12320.00 
S x I 12 12068.15 1005.67 
Rootstocks 9 2066.24 229.58 
S x R 27 4134.99 153.14 
I x R 36 3047.36 84.64 
S x I x R 108 15980.49 147.96 
aThe analysis includes the 0-524 interstem. 
The scion mean square figure was reduced by about one-
third of that calculated for the 1959 data. However, even 
with this reduction, the scions were quite important in deter­
mining tree height. The effect of the interstem on the 
performance of the grafted apple trees was of particular 
significance in i960. The increase over 1959 was somewhat 
reduced in comparison with the increases noted in past years. 
Possibly the trees were reaching a stage in their cycle of 
growth where the interstem effect was beginning to level off 
or had reached a point where this effect would continue at 
a rather steady level, since the trees were approaching their 
normal mature height. 
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The seion/interstem reaction continued to increase 
proportionately and therefore deserved more consideration as 
the experiment continued. This however, must be considered 
together with the main effects of the scion and interstem. 
It will be interesting to follow this reaction in subsequent 
years as the trees approach their ultimate size and as the 
yearly increment of growth is spread over a larger surface 
of the plant. The effect of fruiting could also modify this 
interaction as the trees come into full bearing and the bear­
ing surface of the trees reach a point where the materials 
required for fruit production can no longer be utilized for 
the vegetative growth of the plants. 
The analysis of variance, omitting the 0-524 interstem 
(Table 4l), presented a slightly modified version of the 
previous analysis on height. 
The mean square calculation for scions almost doubled 
with the removal of the 0-524 interstem trees from the anal­
ysis. The interstems were shown to have a slight increase 
in importance. The mean square calculation for the scion/ 
interstem reaction was reduced by this analysis, although it 
maintained a position of some importance. This was a logical 
trend if one assumes that the stem pitting virus might have 
been effective in the interaction. 
The scion mean square, considered with the three-way 
interaction, indicated a reduction in the scion effect when 
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Table 4l. Analysis of variance of the I960 height measure­
ments8 
Source of 
variation 
d.f. s.s. m* s • 
Scions 3 4951.14 1650.38 
Interstems 3 36205.75 12068.58 
S x I 9 6807.21 756.36 
Rootstocks 9 1307.13 145.24 
S x R 27 4152.27 153.79 
I x R 27 2362.78 87.51 
S x I x R 81 11006.62 135.88 
a0mitting the 0-524 interstem. 
compared with the calculations in the analysis for the previous 
year which omitted the 0-524 interstem. However, this 
computation reduced the inference of biennial cycling of the 
growth pattern that was'imparted by the analysis which con­
tained the 0-524 interstem. 
There was some indication that the interstem effect 
leveled off during the 1958 and 1959 growing seasons. The 
above analysis however, did not substantiate this conclusion. 
Six of the ten most dwarfing and ten most vigorous scion/ 
rootstock combinations (Tables 42 and 43), averaged over all 
interstems, are those which also appeared in the 1959 ranking. 
In considering the yearly tables of dwarf and vigorous 
scion/rootstock combinations, every rootstock was contained 
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Table 42. Height of the ten most dwarfing scion/rootstock 
combinations with their ranking for each of the 
five years* 
Combination Yearly ranking 
Height13 1956 1957 1958 1959 I960 
Jonathan/Dolgo 122.37 8 8 5 1 1 
Yel. Del./Beacon 124.80 1 - - - 2 
Yel. Del./Yel. Del. 129.40 - - 8 2 3 
Jonathan/Mclntosh 129.50 10 10 7 3 4 
J onathan/Bea con 129.87 - - 3 4 5 
Jonathan/Yel. Del. 130.60 - 6 - 7 6 
Yel. Del./Bedford 130.90 - - - - 7 
Winesap/Mclntosh 131.40 - 2 - - 8 
Jonathan/Hopa 133.00 - - • — 6 9 
Winesap/Yel. Del. 133.20 - - 9 - 10 
aAveraged over all interstems. 
I^n inches. 
in the dwarf rankings. Mcintosh failed to appear in the 
vigorous ratings. 
The Winesap/Hopa, Winesap/Dolgo, and Wfnesap/Anoka 
combinations changed their growth patterns in 1959 and i960 
rather noticeably, from that of previous years. The Jonathan 
combinations also appeared in a reverse pattern in these 
rankings. Jonathan/Beacon and Jonathan/Hopa, listed among 
the ten most dwarf combinations in i960, ranked first and 
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Table 43. Height of the ten most vigorous scion/rootstock 
combinations with their ranking for each of the 
five years3 
Combination Yearly ranking 
Heightp 1956 1957 1998 1959 1960 
Yel. Del./Robusta #5 156.75 - - 3 3 1 
Winesap/Robusta #5 152.90 - - - - 2 
Jonathan/Bedford 150.83 9 - - - 3 
Red Del./Anoka 149.50 6 10 1 4 4 
Winesap/Hopa° 147.37 - - - - 5 
Yel. Del./Anoka 147.00 10 2 4 6 6 
Winesap/Bedford 147.00 - - - - 7 
Winesap/Dolgoc 145.20 8 
-
- - 8 
Red Del./Yel. Del. 144.80 - - - 8 9 
Yel. Del./Hawk. Grng. 144.70 - 3 9 1 10 
Winesap/Anoka0 144.70 — — - 7 10 
aAveraged over all interstems. 
bIn inches. 
°Winesap/Hopa was listed as the 6th most dwarf combina­
tion in 1958. Winesap/Dolgo was listed as the 3d most dwarf 
combination in 1957 and the 4th most dwarf in 1958. Wine-
sap/Anoka ranked 2nd in the 1956 dwarf ratings. 
fourth in the vigorous listings for 1956. 
With few exceptions, Jonathan appeared to be the least 
vigorous of the four scions under study. At this stage of 
growth Yellow Delicious was the scion variety which made up 
the most vigorous combination, while also being the scion 
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variety in the second and third most dwarfing combinations. 
Summaries from the previous two years contained Winesap more 
frequently in the vigorous ratings. Possibly the trees were 
reaching a stage in growth where their characteristic habits 
were beginning to take form. Once this transition is complete 
they may fall into rather consistent groupings year by year. 
The complete scion/interstem performance summary with 
the number ranking of each combination during the earlier 
years of this experiment is contained in Table 44. 
The data for 1959 and I960 showed very few changes in 
the ranking for the various combinations. Combinations moved 
only one or two places in either direction, whereas in the 
first three years there was a continual juggling of the rank­
ings. Apparently the combinations had stabilized in the last 
two years to a point where they could be classified in 
general terms of height. The 0-524 interstem generally was 
the most vigorous, followed by Robin, M VII, M IX, and Clark 
Dwarf, the latter being the most dwarf. This trend was 
evident early in the experiment, although there remained some 
question as to the position of the most vigorous interstems. 
The rankings of the last two years clarified this position­
ing, although it was impossible to determine the influence 
of the stem pitting virus on the ultimate performance of the 
0-524 trees. It is possible that this virus will modify the 
growth pattern during some future stage of development. As 
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Table 44. Height of specific scion/interstem combinations 
with yearly ranking for previous years8 
Scion/interstem - i960 Yearly ranking 
Heiehtb 1956 19S7 1958 1959 
1. Jonathan/0-524 165-17 6 3 1 3 
2. Winesap/O-524 158.05 1 6 12 1 
3* Yel. Del./Robin 157.90 4 4 2 4 
4. Red Del./0-524 155.25 3 2 6 2 
5. Winesap/M VII 154.90 10 5 3 5 
6. Jonathan/Robin 153.98 2 7 4 7 
7. Winesap/Robin 153.77 17 12 7 9 
8. Red Del./Robin 150.75 5 9 5 6 
9- Red Del./M VII 148.50 7 11 9 12 
10. Yel. Del./0-524 142.75 11 8 10 8 
Mean 138.94 
11. Yel. Del./M VII 136.16 8 1 8 11 
12. Yel. Del./M IX 135.69 16 10 11 10 
13. Winesap/M IX 131.50 19 20 17 15 
14. Red Del./Clark 129.95 15 19 15 16 
15. Jonathan/M VII 128.78 9 13 13 14 
16. Red Del./M IX 123.90 14 14 14 13 
17. Jonathan/M IX 122.45 13 17 16 18 
18. Yel. Del./Clark 116.25 18 16 20 17 
aAveraged over all rootstocks. 
bIn inches. 
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Table 44. (Continued) 
Scion/interstem - i960 Yearly ranking 
Height 1956 1957 1958 1959 
19. Winesap/'Clark 114.78 20 18 18 19 
20. Jonathan/Clark 98.39 12 15 19 20 
the trees approach maturity other factors may become more 
limiting, particularly as the trees begin to bear more heavily. 
The summary table showed that the interstem was responsible 
for the growth pattern, and not the scion varieties. The M VII 
interstem varied in its performance with each scion variety, 
while the performance of the others remained rather consistent. 
It would appear that the performance of the M VII interstem 
depended more on the interaction of the scion and interstem 
than it did on either of the main factors. This may be 
compared to the order that the scion/rootstock combinations 
followed, in which the scion variety generally determined how 
the tree performed. 
The listings of the ten most dwarfing and ten most 
vigorous interstem/rootstock combinations for i960 are 
presented separately in Tables 45 and 46. These are presented 
in a form showing the years and order in which each of the 
combinations have been repeated, if at all, for both the most 
dwarfing and the most vigorous combinations. 
Tables 45 and 46 show that the interstem was the decid-
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Table 45. Height of the ten most dwarfing interstem/rootstock 
combinations with their numerical ranking for each 
year8 
Combination Yearly ranking 
Height13 1956 1957 1958 1959 I960 
Clark/Dolgo 107. 36 - 2 1 1 1 
Clark/Columbia 110. 00 10 6 5 7 2 
Clark/Yel. Del. 110. 62 9 - - 8 3 
Clark/Robusta #5 111. 00 5 - 9 3 4 
Clark/Mcintosh 111. 37 2 5 6 2 5 
Clark/Hawk. Grng. 112. 50 - l 7 9 6 
Clark/Hopa 117. 50 - 7 2 6 7 
M IX/Beacon 
IN-i—1 i—1 
50 1 4 3 10 8 
Clark/Anoka 119. 12 3 8 8 5 9 
M IX/Yel. Del. 120. 50 — — • - 10 
aAveraged over all scion varieties. 
I^n inches. 
ing factor that determined the stature of the trees. Clark 
Dwarf was outstanding in its dwarfing effect as an interstem 
in comparison to the other interstems used in this experiment. 
Eighty per cent of the ten most dwarf combinations were 
worked on Clark Dwarf, and the other two on M IX. The 
vigorous combinations displayed much the same pattern with 
one interstem dominating the list. Seventy per cent of the 
most vigorous combinations were worked with an 0-524 inter-
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Table 46. Height of the ten most vigorous interstem/rootstock 
combinations with their numerical ranking for each 
year3 
Combination Yearly ranking 
Height13 1956 1957 1958 1959 I960 
Robin/Columbia 163.62 - 10 1 1 1 
0-524/Robusta #5 162.50 - 3 5 6 2 
0-524/Anoka 161.00 2 1 2 3 3 
O-524/Hawk. Grng. 160.87 . - 8 - 2 4 
O-524/Bedford 158.83 - - - 7 5 
Robin/Robusta #5 158.75 - - 8 8 6 
Robin/Anoka 157.87 - - 7 - 7 
0-524/Columbia 157.00 7 7 9 8 
0-524/Dolgo 156.58 6 - - 10 9 
O-524/Hopa 155.37 3 2 3 4 10 
aAveraged over all scion varieties. 
bIn inches. 
stem piece. The other three positions contained Robin inter­
stem trees. Only two rootstocks showed any evidence of 
controlling the plants which were worked upon them. The 
Mcintosh rootstock was found only in the ten most dwarfing 
combinations and not at all in the most vigorous listings. 
Yellow Delicious as a rootstock ranked only with the dwarf 
combinations. However, in 1957 and 1958, this rootstock was 
not contained in either the vigorous or the dwarf rankings. 
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This suggests that during this period the rootstock performed 
only in the medium height range. 
Tree height evidently was most effected by the rootstock 
during the first year of growth when the plants were becoming 
established and by the scion during the second year of growth. 
After this period of establishment the interstem became the 
dominating influence determining the stature of the plants, 
together with a definite scion reaction which was of a much 
lower magnitude than that of the interstems. The scion by 
interstem reaction became more important as the years 
passed, slowly increasing in importance each year. Although 
there was a particularly great increase in the influence of 
the interstem the fifth year there was some indication that 
this effect began to moderate by the end of the fifth growing 
season. It was the most dominant factor influencing the 
stature of the trees in this experiment. There was evidence 
also of specific reactions within certain combinations. 
In comparing the data contained in the summary tables 
of the dwarf and vigorous combinations the interstems appeared 
to control the size of the entire combination. The scion/ 
rootstock combinations fell into categories that were peculiar 
to the scion variety. Since the interstems regulated the 
growth of the scions it appeared logical that the scion may 
have exerted a certain control over the rootstock, while the 
main influence of the interstem was exerted on the scion 
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variety. 
The practical significance of a three or four inch dif­
ference in the height of orchard trees in the field is not 
important to the commercial orchardist, or for that matter 
to anyone producing or using the trees. To be classified as 
dwarf a tree must exhibit a substantial reduction in height 
before any value is to be gained from its use commercially 
or otherwise. 
Study of the Yearly Growth Increment 
The yearly growth increment, determined as the differ­
ence in height from year to year, was calculated for the 
period 1957 through I960. This measurement represents the 
vertical growth of the trees for each year. The data were 
processed in order to ascertain the yearly growth patterns 
of the grafted trees. The average vertical growth for the 
four year period is recorded in Tables 47, 48 and 49. 
The dwarfing influence of Clark Dwarf and the invigorat­
ing influence of 0-524 and Robin are demonstrated in Table 
50. This tendency is also illustrated in Table 52 which 
ranks the scion/interstem combinations according to the lowest 
and highest vigor. 
The Clark Dwarf interstem appeared in nine of the ten 
least vigorous combinations, while M IX appeared only once. 
The interstems remained in much the same order of vigor in 
87 
Table 47. Yearly growth increment in inches*, interstem/ 
rootstock13 
Rootstock ' Interstem variety 
0-524 Clark M IX Robin M VII Total Mean 
Columbia 29.08 14.11 20.92 30.35 24.49 118.95 23.79 
Bedford 29-75 20.69 22.76 27.68 23.77 124.65 24.93 
Hopa 28.16 20.25 24.47 27.32 24.26 124.46 24.89 
Dolgo 28.30 17.97 24.13 28.56 25.31 124.27 24.85 
Anoka 29.18 21.68 24.42 30.15 27.03 132.46 26.49 
Beacon 25.14 20.98 22.28 26.04 26.81 121.85 24.37 
Hawk. GrAg. 30.15 19.90 25.64 28.28 27.91 131.88 26.38 
Mcintosh 28.82 20.88 22.71 29.01 24.33 125.75 25.15 
Yel. Del. 29.02 19.41 21.71 27.49 25.38 123.01 24.60 
Robusta #5 30.50 19.37 23.04 30.81 29.91 133.63 26.73 
Total 288.10 195.24 232.08 285.69 259.20 1260.91 25.22 
Mean 28.81 19.52 23.21 28.57 25.92 
A^verage of 12 trees over four years over all scion 
varieties. 
A^verage of four years, 1957-1960. 
this ranking as they did in the height analysis. Robin and 
0-524 produced the most growth, on the average, over the four 
year period. In descending order, M VII, M IX, and Clark 
Dwarf produced the least growth. The rootstocks exerted very 
little influence in determining the average annual growth 
increment of these trees. Under more severe growing condi-
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Table 48. Yearly growth increment in inches3, scion/root stock13 
Rootstock Scion variety 
Jonathan Red 
Del. 
Yel. 
Del. 
Wine-
sac 
Total Mean 
Columbia 23.50 25-52 19.37 26.78 95.17 23.79 
Bedford 24.12 26.74 22.34 26.50 99.70 24.92 
Hop a 22.02 25.87 23.62 28.08 99.42 24.85 
Dolgo 21.36 28.04 24.69 25.33 99.42 24.85 
Anoka 23-37 28.56 26.85 27.67 106.45 26.61 
Beacon 20.99 26.62 23.ll 26.28 97.00 24.25 
Hawk. Grng. 25.17 27.87 33.91 24.78 111.73 27.93 
Mcintosh 22.84 28.53 26.21 23.02 100.00 25.15 
Yel. Del. 22.57 29.38 22.58 23.87 98.40 24.60 
Robusta #5 23.48 27.02 29.62 28.73 108.85 27.21 
Total 229.42 274.15 252.30 261.04 1016.91 25.42 
Mean 22.94 27.41 25.23 26.10 
aAverage of 15 trees over four years over all interstem 
varieties. 
A^verage of four years, 1957-1960. 
tions this may not have held true, since some of the combina­
tions would be more tolerant of unusual conditions than 
others. 
When the scion by rootstock data were considered, Jonathan 
consistently produced the shortest increment of growth. This 
explained, at least in part, why Jonathan was found to be the 
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Table 49. Yearly growth increment3 in inches, scion/interstem^  
Interstem Scion variety 
Jonathan Red 
Del. 
Yel. 
Del. 
Wine-
sat) 
Total Mean 
0-524 30.45 31.40 25.65 27.71 115.21 28.80 
Clark 14.03 24.88 18.09 20.96 77.96 19.49 
M IX 20.94 23.28 24.82 24.02 93.06 23.26 
Robin 27.21 28.94 28.44 29.68 114.27 28.57 
M VII 21.51 28.66 23.29 28.16 101.62 25.40 
Total 114.14 137.16 120.29 130.53 502.12 25.11 
Mean 22.83 27.43 24.06 26.11 
aAverage of 30 trees over four years over all rootstocks. 
A^verage of four years, 1957-1960. 
Table 50. Ranking of interstem/rootstock combinations in 
order of vigor (1957-1960) 
Least vigorous Growth3 Most vigorous Growth3 
interstem/rootstock increment interstem/rootstock increment 
Clark/Columbia 14.11 Robin/Robusta #5 30.81 
Clark/Dolgo 17.97 0-524/Robusta #5 30.50 
Clark/Robusta #5 19.37 Robin/Columbia 30.35 
Clark/Yel. Del. 19.41 Robin/Anoka 30.15 
Clark/Hawk. Grng. 19.90 0-524/Hawk. Grng. 30.15 
Clark/Hopa 20.25 M VII/Robusta #5 29.91 
Clark/Bedford 20.69 0-524/Bedford 29.75 
Clark/Mcintosh 20.88 0-524/Anoka 29.18 
aFour year average over all scions in inches. Mean = 
25.22. 
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Table 50. (Continued) 
Least vigorous Growth Most vigorous Growth 
interstem/rootstock increment interstem/rootstock increment 
M IX/Columbia 20.92 0-524/Columbia 29.08 
Clark/Beacon 20.98 0-524/Yel. Del. 29.02 
most dwarf scion variety. Although Red Delicious appeared 
most frequently on the vigorous tabulation, Winesap produced 
the highest growth increment during the last two years of the 
experiment. Actually, after five years of growth, Winesap 
was the most vigorous scion variety. These results are 
contained in Table 51• 
The scion/interstem and scion/rootstock data displayed 
a similar pattern. Jonathan showed the least vigor while Red 
Delicious was consistently the most vigorous scion variety. 
However, Winesap actually was the most vigorous scion during 
the last two years of the experiment. Table 52 records the 
average four year growth increment for all of the scion/ 
interstem combinations. 
These results demonstrate why Clark Dwarf and M IX were 
the most dwarfing interstems. Both of these interstems, in 
various combinations, failed to produce more than the average 
annual growth for the complete experiment. With few excep­
tions, Clark Dwarf produced the least amount of growth, 
regardless of combination. Mailing IX and M VII expressed 
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Table 51. Ranking of scion/rootstock combinations in order 
of vigor (1957-1960)a 
Least vigorous13 
scion/rootstock 
Growth 
increment 
Most vigorous 
scion/rootstock 
Growth 
increment 
Yel. Del./Columbia 19.37 Yel. Del./Hawk.Grng. 33.91 
Jonathan/Beacon 20.99 Yel. Del./Robusta #5 29.62 
Jonathan/Dolgo 21.36 Red Del./Yel. Del. 29.38 
Jonathan/Hopa 22.02 Red Del./Anoka 28.56 
Yel. Del./Bedford 22.34 Red Del./Mcintosh 28.53 
Jonathan/Yel. Del. 22.57 Winesap/Hopa 28.08 
Yel. Del./Yel. Del. 22.58 Red Del./Dolgo 28.04 
Jonathan/Mclntosh 22.84 Red Del./Hawk. Grng. 27.87 
Winesap/Mclntosh 23.02 Winesap/Anoka 27.67 
Yel. Del./Beacon 23.ll Red Del./Robusta #5 27.02 
aFour years averaged over all interstems, in inches. 
M^ean = 25*42 
Table 52. Scion/interstem combinations in order of vigora 
Scion/interstem Growth 
increment 
Red Del./0-524 31.40 
Jonathan/0-524 30.45 
Winesap/Robin 29.68 
Red Del./Robin 28.94 
Red Del./M VII 28.66 
aFour year average over all rootstocks, in inches. 
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Table 52. (Continued) 
Scion/interstem Growth 
increment 
Yel. Del./Robin 28.44 
Winesap/M VI1 28.16 
Winesap/0-524 27.71 
J onat han/Robin 27.21 
Yel. Del./0-524 25.65 
Mean 25.11 
Red Del./Clark 24.88 
Yel. Del./M IX 24.82 
Winesap/M IX 24.02 
Yel. Del./M VII 23.29 
Red Del./M IX 23.28 
Jonathan/M VII 21.51 
Winesap/Clark 20.96 
Jonathan/M IX 20.94 
Yel. Del./Clark 18.09 
Jonathan/Clark 14.03 
medium vigor in terms of the annual growth increment. This 
pattern has been evident throughout the experimental period. 
Robin and 0-524 alternated in producing the most annual 
growth, i.e.: 0-524 ranked first in 1957, Robin in 1958, 
0-524 in 1959 and Robin ranked first in I960. 
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Observations differ slightly from, the height analysis. 
The yearly increment of growth did not present a valid 
representation of what actually occurred since the initial 
height of the first year whip was not considered. The data 
can also be misleading when considered alone since it is 
difficult to compare with the total growing surface of the 
tree. As trees grow, the growing surface increases propor­
tionately. It would appear logical to conclude that as the 
lateral branching structure of the plants increased, the 
terminal or vertical growth would be inhibited, particularly 
as the trees approach maturity. Under these conditions a 
gradual decrease in the yearly vertical growth would be 
expected after three or more growing seasons. Another compet 
ing factor affecting the vertical growth is fruiting. This 
results not only from the physiological changes within the 
plant but also from mechanical limitations such as the weight 
of the crop bending the branches. In combinations which 
produce an abundance of fruit, restricted terminal growth 
was observed. This may, in part, explain the inconsistency 
in Table 53, since 1959 and I960 were the first years certain 
combinations bore heavy crops of fruit. 
Lateral Growth Measurements 
Yearly measurements were taken of the diameter of the 
head of each tree and are here recorded as the spread of the 
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Table 53 • Ranking by growth of scion averaged over all 
interstems and rootstocks 
Scion Ranking bv year 
variety 1957 1958 1959 1960 
Jonathan 4a 3 4 2 
Red Del. 1 1 2 3 
Yel. Del. 2 4 3 4 
Winesap 3 2 1 1 
al = most growth per year; 4 = least growth. 
tree. Since the spread measurement was very small compared 
to height in the early years of growth, only the data col­
lected in I960 are considered. The data are presented in 
two ways, the measure of the spread in inches (Tables 54, 56 
and 58), and as the ratio of height to spread (Tables 55, 57 
and 59). The ratio represents a percentage of the height, 
since it was calculated by dividing the average i960 spread, 
in inches, by the average i960 height for each combination. 
The ratio is probably the more meaningful of the two calcula 
tions as it presents a complete picture of the general habit 
of growth the trees assumed during the fifth year in the 
field. A ratio of 1.00 would be interpreted as a tree which 
is as wide as it is tall. Any ratio less than 1.00 
represents a tree that is taller than it is wide. 
The overall mean values showed that within the scope 
of this experiment the average spread of the trees was equal 
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Table 54. Interstem/rootstock average spread, I960* 
Rootstock Interstem variety 
0-524 Clark M IX Robin M VII Total Mean 
Columbia 107.75 104.50 102.90 114.50 102.75 532.40 106.48 
Bedford 88.50 98.33 98.87 106.37 102.75 494.82 98.96 
Hopa 111.57 95.25 95.00 110.83 99.12 511.17 102.23 
Dolgo 93.25 91.17 104.37 108.75 102.37 499.91 99.98 
Anoka 109.00 96.50 98.00 104.50 116.62 524.62 104.92 
Beacon 98.87 100.00 94.00 113.25 100.25 506.37 101.27 
Hawk. Grng.118.62 103-50 117.25 99.00 112.50 550.87 110.17 
Mcintosh 104.50 96.37 102.00 104.75 101.00 508.62 101.72 
Yel. Del. 104.50 103.25 92.62 104.00 105.12 509.49 101.90 
Robusta #5 115.50 89.00 100.50 114.75 99.67 519.42 103.88 
Total 1052.06 977.87 1005.50 1080.70 1042.15 5158.3 103.16 
Mean 105.21 97-79 100.55 108.07 104.21 
A^verage of 12 trees, in inches, over all scions. 
Table 55. Interstem/rootstock ratio of height to spread, I960 
Rootstock Interstem variety 
0-524 Clark M IX Robin M VII Total Mean 
Columbia .69 • 93 OO
 
VTV
 
.70 .72 3.89 .78 
Bedford .56 .80 .75 .70 -75 3-56 -75 
Hopa .68 • .82 
-71 .72 .71 3.64 
-73 
Dolgo .60 .81 
.79 .71 .73 3.64 -73 
Anoka .68 .81 .72 .66 • 77 3.64 -73 
Beacon 
-71 00
 
IV
 O
 
OO 
-79 -71 3.84 .77 
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Table 55» (Continued) 
Rootstock Interstem variety 
0-524 Clark M IX Robin M VII Total Mean 
Hawk. Grng. .74 .92 .86 .65 .76 3 .93 .79 
Mcintosh .71 .90 .81 .68 .75 3.85 .77 
Yel. Del. .69 .95 .78 .70 .76 3 .88 .78 
Robusta #5 .72 .81 .79 .72 .68 3.72 .74 
Total 6.78 8.58 7.86 7.03 7.34 37 .59 .75 
Mean .68 .86 .79 .70 .73 
Table 56. Scion/rootstock average spread, I9603 
Rootstock Scion variety 
Jonathan Red 
Del. 
Yel. 
Del. 
Winesap 
Columbia 103.40 108.62 102.25 111.20 
Bedford 99.50 93-90 95.90 106.80 
Hopa 96.06 109.30 100.30 102.00 
Dolgo 99.62 IO3.8O 101.40 98.80 
Anoka 98.00 108.80 107.75 106.70 
Beacon 97.10 104.70 110.10 95.80 
Hawk. Grng. 108.62 115.25 105.50 108.00 
Mcintosh 105.40 92.20 101.60 107.70 
Yel. Del. 103.10 103.30 97.00 104.40 
Robusta #5 97.60 99.80 121.50 111.70 
Total 1008.40 1039.67 1043.30 1053.10 
Mean 100.84 103.97 104.3% 105.31 
aAverage (in inches) of 15 trees over all interstems. 
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Table 57» Scion/rootstock ratio of height to spread, I960 
Rootstock Scion variety 
Jonathan Red 
Del. 
Yel. 
Del. 
Winesap 
Columbia .78 .79 .72 .78 
Bedford .69 .69 .74 .73 
Hopa .74 .79 .72 .70 
Dolgo .74 .72 .73 .71 
Anoka • 72 .73 .72 .75 
Beacon • 77 .76 .86 .68 
Hawk. Grng. 
.79 .81 .73 .76 
Mcintosh .84 .68 
.77 .84 
Yel. Del. .82 .72 .74 .81 
Robusta #5 .76 .72 .78 .70 
Total 7.65 7.41 7.51 7.46 
Mean .76 .74 .75 • 75 
Table 58. Scion/interstem average spread , I960* 
Interstem Scion variety 
Jonathan Red 
Del. 
Yel. 
Del. 
Winesap 
0-524 113.98 101.95 107.20 106.80 
Clark 92.62 100.45 96.62 100.72 
M IX 97.30 104.16 103.19 98.35 
Robin 103.20 112.25 107.95 108.67 
A^verage of 30 trees, in inches, averaged over all root-
stocks. 
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Table 58. (Continued) 
Interstem Scion variety 
Jonathan Red Yel. Winesap 
Del. Del. 
M VII 103.17 99.44 98.89 112.15 
Total 510.27 518.25 514.85 526.69 
Mean 102.05 103.65 102.97 105.34 
to three-fourths of the height. The variation of the root-
stocks was probably within the range of their natural vari­
ability. However, there was some indication that Columbia, 
Hawkeye Greening, Mcintosh, and Yellow Delicious, as root-
stocks, had a tendency to produce a slightly more spreading 
tree than the others. 
The most important differences existed within the 
performance of the interstems. It has been established that 
Table 59» Scion/interstem ratio of height to spread, i960 
Interstem Scion variety 
Jonathan Red 
Del. 
Yel. 
Del. 
Winesap 
0-524 .63 .66 .75 .68 
Clark .95 .78 .83 .89 
M IX .80 CO
 
-
r 
.76 .75 
Robin .67 .75 .69 .70 
M VII .80 .67 .74 .73 
99 
Clark Dwarf, M IX, and in some cases M VII, produce dwarf or 
semi-dwarf trees when used as rootstocks or interstems. 
Their effect as interstems however, may not be as pronounced 
as when they are used as rootstocks. These particular 
dwarfing types were the only ones that produced trees with a 
height to spread ratio above 0.80. The highest mean ratio 
recorded was with Red Delicious/Clark Dwarf combinations. 
This ratio of 0.95 represented trees which were nearly as 
wide as they were tall. 
The ratio of height to spread paralleled the height 
readings, especially with the more dwarf combinations. On 
the average, Clark Dwarf produced the most dwarf trees. It 
also produced trees with the highest ratio of height to 
spread. These trees were more compact in their habit of 
growth, being almost as wide as they were tall. The M IX 
interstem produced a dwarfing effect on the various combina­
tions in which it was used second only to the Clark Dwarf. 
This interstem also produced the second highest ratio of 
height to spread. The M VII interstem resulted in trees in­
termediate in height and spread between the two most dwarfing 
types and the two most vigorous types of interstems. 
Apparently the dwarf types had a wider branch angle than 
the more vigorous types. In relation to top growth, more 
growth was produced on laterals than in the more vigorous 
combinations. This leads to the conclusion that the overall 
100 
growth pattern of dwarfs is more uniform all over the tree 
than with the more vigorous types. 
Three specific combinations making use of the Clark 
"Dwarf interstem resulted in trees which were wider than they 
were tall, i.e. Jonathan/Clark Dwarf/Mcintosh, Winesap/Clark 
Dwarf/Mcintosh, and Winesap/Clark Dwarf/Yellow Delicious. 
The Robin interstem, which generally was associated with the 
more vigorous combinations in this experiment, when combined 
with the Yellow Delicious scion and Beacon rootstock, pro­
duced the only other individual ratio higher than 1.00. 
However, this reading represented only a single observation 
which in itself suggests that a certain amount of incompati­
bility existed within this combination. If this were true, 
a dwarf tree of low vigor could be expected. This tree was 
the most dwarf of all those propagated on the Robin inter­
stem. 
Six specific combinations of the 80 most dwarfing com­
binations under test (Table 60) produced rather low ratios 
of height to spread. 
In general, the majority of these combinations were the 
most vigorous in their scion/interstem grouping. The 
Winesap/M IX/Yellow Delicious combination was the only one 
that did not exceed the mean for its group in height. 
Certain of the more vigorous combinations also produced 
exceptional height to spread ratios. These data are recorded 
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Table 60. Dwarfing combinations with low height to spread 
ratios 
Combination Ratio Height Mean Spread 
height 
of eroun 
Jonathan/M IX/Hopa 0.6 7 146. 00* 122.45* 98 
Jonathan/M IX/Anoka 0.61 129. 00 122.45 79 
Red Del./Clark/Mcintosh 0.61 142. 50 129.95 87 
Winesap/Clark/Robus ta #5 0.6 7 129. 00 114.78 87 
Winesap/M IX/Hopa 0.67 137. 00 131.50 92 
Winesap/M IXAel. Del. 0.63 124. 50 131.50 78 
aIn inches. 
in Table 6l. 
Although these were not the most dwarf combinations in 
their respective scion/interstem groupings many of them 
performed well below the mean for the grouping. 
As was observed for height the interstem also exerted 
a strong regulating force on the spreading habit of the 
trees. The more dwarf types usually possessed a more spread­
ing habit than the vigorous trees. This implies a wider 
branch angle and the possibility that at this stage of growth 
the dwarf trees actually put on almost the same overall 
amount of growth as the vigorous trees, but that it was 
distributed uniformly over the tree. This would suggest that 
there was an effect on apical dominance. The dwarfing inter-
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Table 6l. Vigorous combinations with height to spread 
ratios approaching one 
Combination Ratio Height Mean Spread 
height 
of erom) 
Red Del./Robin/Columbia .80 142.50* 150.75* 114' 
Red Del./Robin/Bedford .84 130.50 150.75 109 
Red Del./Robin/Hopa .82 142.50 150.75 117 
Red Del./Robin/Dolgo .83 151.50 150.75 126 
Yel. Del./0-524/Hopa .89 130.00 142.75 116 
Yel. Del./0-524/Beacon .82 126.00 142.75 103 
Yel. Del./0-524/Robusta #5 .82 147.00 142.75 120 
Winesap/0-524/Hawk. Grng. .85 156.00 158.05 132 
aIn inches. 
stem may remove some of the influence of the apical buds, 
allowing almost equal amounts of lateral and vertical growth. 
Survival and Incompatibility 
Although survival and incompatibility are not synonymous 
terms, it is difficult to separate the two in a study of this 
type. Incompatibility directly affects the growth and sur­
vival of any grafted combination. More severe cases of in­
compatibility result in the early death of a grafted tree, 
while others are delayed and result in the slow decline and 
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ultimate death of the plant. It is for these reasons that 
both phenomena are considered together in this section. All 
factors being equal, high mortality early in the life of any 
combination can be considered as being one of the principle 
results of incompatibility. 
Survival data for the experiment are recorded in Tables 
62, 63 and 64. 
The yearly attrition of rootstocks, interstems, and 
Table 62. Interstem/rootstock percent failure3 
Rootstock Interstem variety 
0-524 Clark M IX Robin M VII Average 
Columbia 17 50 17 25 8 23 
Bedford 0 8 25 8 0 8 
Hop a 8 17 8 42 17 18 
Dolgo 0 17 17 8 8 10 
Anoka 8 25 25 25 17 20 
Beacon 17 25 42 42 17 29 
Hawk. Grng. 42 58 42 25 44 42 
Mcintosh 17 42 33 25 25 28 
Yel. Del. 17 25 17 17 25 20 
Robusta #5 25 44 44 17 0 26 
Average 15 31 27 23 16 22 
aPer cent failure averaged over all scion varieties. 
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Table 63. Scion/rootstock per cent failure8 
Rootstock Scion variety 
Jonathan Red Del. Yel. Del. Winesap Average 
Columbia 20 13 20 40 23 
Bedford 20 7 7 0 8 
Hopa 0 13 20 40 18 
Dolgo 13 7 7 13 10 
Anoka 0 20 33 27 20 
Beacon 27 33 47 7 29 
Hawk. Grng 33 40 27 67 42 
Mcintosh 27 7 27 53 28 
Yel. Del. 27 20 13 20 20 
Robusta #5 13 20 41 33 26 
Average 18 18 24 30 22 
aPer 1 cent failure averaged over all interstem varieties 
Table 64. Scion/interstem per cent failure8 
Interstem Scion variety 
Jonathan Red Del. Yel. Del .. Winesap ' Average 
0-524 20 7 17 17 . 15 
Clark 23 27 26 47 31 
M IX 23 13 44 27 27 
Robin 10 27 13 43 23 
M VII 11 17 18 17 16 
Average 17 18 24 30 22 
aPer < sent failure averaged over all rootstock varieties, 
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scions is recorded as percentages in Table 65* 
On the basis of foliar characteristics, rapidity of bud 
break in the spring, and overall thriftiness, some combina­
tions were definitely retarded. This was especially so in 
the early years of the experiment. For this reason trees 
Table 65. Yearly attrition for rootstocks, interstems and 
scions in per cent 
Component Year 
1956 1957 1958 1959 1960 Total 
Rootstocks 
Columbia 7 6 5 5 0 23 
Bedford 3 2 2 l 0 8 
Hopa 4 8 3 3 0 18 
Dolgo 7 2 1 0 0 10 
Anoka 10 5 2 3 0 20 
Beacon 13 13 3 0 0 29 
Hawk. Grng. 22 13 2 5 0 42 
Mcintosh 12 8 3 5 0 28 
Yel. Del. 10 3 5 2 0 20 
Robusta #5 18 2 4 2 0 26 
Interstems 
0-524 7 5 0 3 0 15 
Clark 14 8 3 6 0 31 
M IX 20 4 3 0 0 27 
Robin 6 8 7 2 0 23 
M VII 6 8 1 1 0 16 
Scions 
Jonathan 6 9 1 2 0 18 
Red Del. 4 7 5 2 0 18 
Yel. Del. 18 3 l 2 0 24 
Winesap 14 8 3 5 0 30 
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were evaluated for their overall appearance after growth re­
sumed in the spring. The number of trees, by year, for each 
scion, interstem, and rootstock, that performed below standard 
are contained in Table 66. 
Not all of the trees that performed poorly during the 
early years of the experiment declined and failed. Many of 
the poor performing combinations recovered and made quite 
satisfactory growth. This gives some indication of the length 
of time required for some plant types to become established. 
The following five combinations failed completely: 
Yellow Delicious/Clark Dwarf/Columbia ; Yellow Delicious/M IX/ 
Anoka; Winesap/Clark Dwarf/Hawkeye Greening; Winesap/Robin/ 
Hopa (all three trees snapped at the juncture between the 
scion and the interstem); and Red Delicious/M VII/Hawkeye 
Greening. The combinations in which two of the original 
planting of three trees failed are presented in Table 6?. 
The rootstock combinations utilizing Hawkeye Greening 
suffered the highest mortality with 42 percent of the trees 
failing during the first four years. Use of the Bedford and 
Dolgo rootstocks resulted in the best record of survival with 
92 per cent and 90 per cent, respectively. There were no 
failures during the fifth and final year of the experiment. 
Combinations with the Clark Dwarf interstem recorded the 
highest number of failures when only interstem performance 
was considered. This was followed closely by M IX. Thirty 
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Table 66. Yearly performance of rootstocks, interstems and 
scions in per cent unthrifty plants 
Components Year 
19% 1957 1958 19M 1950 
Rootstocks 
Columbia 7 2 2 0 0 
Bedford 7 2 2 3 3 
Hopa 10 10 2 0 0 
Dolgo 18 12 3 0 0 
Anoka 10 3 2 0 0 
Beacon 27 12 2 0 0 
Hawk. Grng. 4 5 4 2 2 
Mcintosh 23 7 0 0 0 
Yel. Del. 15 2 0 0 0 
Robusta #5 6 4 2 0 0 
Interstems 
0-524 5 5 2 2 2 
Clark 18 7 1 0 0 
M IX 21 8 2 1 1 
Robin 10 5 0 0 0 
M VII 9 4 3 0 0 
Scions 
Jonathan 11 3 2 0 0 
Red Del. 18 9 3 2 - 2 
Yel. Del. 10 3 1 0 0 
Winesap 12 7 1 0 0 
per cent of the scion combinations with the Winesap variety 
failed. The Jonathan and Red Delicious scion combinations 
resulted in a higher rate of survival than combinations with 
the other two scion varieties. 
It would appear that the Hawkeye Greening rootstock had 
either a much narrower range of compatibility or that it was 
more difficult to establish. However, there was no indica-
Table 6?« Graft combinations in which two of the original three trees failed 
Jonathan 
interstem/rootstock 
Red Del. 
interstem/rootstock 
Scion 
Yel. Del. 
interstem/rootstock 
Winesap 
interstem/rootstock 
0-524/Hawk. Grng. Clark/Hawk. Grng. 0-524/Robusta #5 Clark/Hopa 
M IX/Bedford M IX/Robusta #5 Clark/Beacon Clark/Anoka 
M IX/Beacon Robin/Anoka M IX/Beacon Clark/Hawk. Grng. 
M IX/Hawk. Grng. Clark/Yel. Del. 
M IX/McIntosh Clark/Robusta #5 
Robin/Beacon M IX/Columbia 
M VII/Yel. Del. M IX/Hawk. Grng. 
M IX/McIntosh 
Robin/Columbia 
Robin/Hawk. Grng. 
Robin/Mclntosh 
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tion that any of the trees failed because of poor unions. A 
distinct brittleness of roots was noted when some Hawkeye 
Greening trees were pulled. Even though five of the failures 
that involved Clark Dwarf were caused by rabbits girdling the 
interstem (Figure l), both Clark Dwarf and M IX had a high 
percentage of failures. Combinations with the 0-524 and M VII 
interstems had fifty per cent fewer failures than the two 
most dwarfing interstems. 
The scion variety Winesap appeared to be the least 
adaptable over the range of interstems and rootstocks tested. 
Thirty per cent of the combinations with this variety failed 
during the course of this experiment. There were indications 
that many of these failures were due to incompatibility. 
Survival of Winesap trees grafted on the Columbia, Hopa, 
Hawkeye Greening, and Mcintosh rootstocks was poor. Equally 
poor stands were recorded for combinations of this variety 
on the Clark Dwarf and Robin interstems. Further testing 
would be necessary to obtain conclusive proof that some degree 
of uncongeniality existed between this scion and the various 
rootstocks and interstems mentioned. In the light of these 
results it would seem that caution should be exercised in 
propagating the Winesap apple on any of these stocks. Yellow 
Delicious as a scion performed very poorly on the M IX inter­
stem and the Anoka and Beacon rootstocks. Some breakage at 
the union of the Red Delicious and Clark Dwarf was observed, 
Figure 1. Rabbit damage on a Clark Dwarf interstem. 
Yellow Delicious/Clark Dwarf/Yellow Delicious 
tree damaged during the winter of 1959-1960. 
Rabbits showed a definite preference for the 
bark of the dwarfing interstems 
Figure 2. Strong graft unions between scion, interstem 
and rootstock. This Red Delicious/O-524/Dolgo 
tree exhibited strong, smooth graft unions. 
The arrows indicate the location of the graft 
unions 
Ill 
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substantiating the fact that a problem existed in combina­
tions of these two varieties with certain rootstocks. Red 
Delicious also performed poorly on Robin. There was however, 
no evidence of incompatibility in this combination. 
The Jonathan scion generally performed satisfactorily 
with all the interstems and rootstocks used in this experi­
ment, although certain combinations displayed symptoms of 
incompatibility. 
With but few exceptions, the interstems performed similar­
ly to the scions in the various combinations. The scion/ 
rootstock combinations show the lowest survival rate with the 
Winesap/Hawkeye Greening combination, followed by Mcintosh, 
Hopa, and Columbia. Other scion by root combinations that 
gave poor survival were Yellow Delicious on Anoka and Beacon. 
The Red Delicious/Hawkeye Greening and Beacon combinations 
also displayed a high rate of failure. The interstem by 
rootstock combinations showing poor survival were: 0-524/ 
Hawkeye Greening ; Clark Dwarf on Hawkeye Greening and Mcintosh; 
M IX on Beacon and Hawkeye Greening ; and Robin on Hopa and 
Beacon. 
Three interstem/rootstock combinations gave 100 per cent 
survival with all scion varieties. They were M VII/Bedford, 
0-524/Bedford and 0-524/Dolgo (Figure 2). Three combinations 
suffered only one loss. One Jonathan tree failed on the 
Clark Dwarf/Bedford combination. One Yellow Delicious tree 
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tree failed on the M IX/Hopa combination and one Red Delicious 
tree failed on the Robin/Bedford combination. 
Indications of incompatibility were observed in the 
M IX/Beacon combination, in which six of the twelve plants 
failed the first year in the field. One tree of the 
Jonathan/Clark Dwarf/Columbia combination snapped off at the 
scion-interstem juncture. This could be an indication of 
Incompatibility, yet the other trees of this combination ap­
peared to have fairly strong unions. 
Cracks in the bark were found around the scion/interstem 
union of the Red Delicious/M IX/Anoka combination in 1958. 
Vertical splitting of the interstem was observed in the Red 
Delicious/0-524/Anoka and Yellow Delicious/0-524/Hawkeye 
Greening combinations at this time. No detrimental effects 
from this splitting were detected. In 1959» the same 
phenomenon was found in one tree of the Red Delicious/Clark 
Dwarf/Anoka combination. Again, in I960, vertical splitting 
of the interstem was noted in one Jonathan/0-524/Beacon tree. 
Where possible, at least one tree in a combination was 
pulled with a TD-6 International track type tractor. At this 
time observations were made on combinations that broke at the 
union. Since this tractor could develop in excess of 20,000 
pounds of pull, these readings do not necessarily imply the 
existence of incompatibility. However, breakage at a union 
does signify a weakness in comparison to the other parts of 
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the plant. Many combinations were pulled intact, although 
overgrowth of the interstem, a symptom of incompatibility, 
existed in some of these combinations. The combinations 
which displayed abnormalities at the time they were uprooted 
are presented in Table 68. 
Further observation will be necessary in order to deter­
mine if the information on union strength is of practical 
Table 68. Combinations showing growth abnormalities at the 
time of pulling 
Combination Union where breakage occurred 
Jonathan/Clark/Hopa Interstem/rootstock 
Jonathan/Robin/Robusta #5 Interstem/rootstock 
Red Del./Clark/Hopa Interstem/rootstock (Figure 22) 
Red Del./M VII/Columbia Interstem/rootstock 
Winesap/M VII/Bedford Interstem/rootstock 
Jonathan/Robin/Dolgo Interstem/rootstock 
Jonathan/M VII/Beacon Scion/interstem (Figure 5) 
Jonathan/M VII/McIntosh Scion/interstem 
Jonathan/M VII/Robusta #5 Scion/interstem 
Jonathan/0-524/Beacon Interstem/rootstock 
Jonathan/0-524/Yel. Del. Interstem/rootstock 
Jonathan/Robin/Robusta #5 Interstem/rootstock 
Jonathan/Clark/Hopa Interstem/rootstock (Figure 3) 
Jonathan/Clark/Mclntosh Int erst em/rootstock 
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Table 68. (Continued) 
Combination Union where breakage occurred 
Jonathan/Clark/Anoka Interstem/rootstock 
Jonathan/M IX/Bedford Interstem/rootstock 
Red Del/Clark/Dolgo Interstem/rootstock 
Red Del./M VII/Columbia Interstem/rootstock 
Red Del./0-524/Anoka Interstem/rootstock 
Yel. Del./M VII/Bedford Scion/interstem (Figure 6) 
Yel. Del./Clark/Hopa Interstem/rootstock 
Yel. Del./0-524/Hopa Interstem/rootstock 
Winesap/M VII/Bedford Interstem/rootstock (Figure 4) 
Winesap/M IX/Hopa Interstem/rootstock 
Winesap/Clark/Beacon Scion/interstem 
Winesap/M IX/Beacon Interstem/rootstock 
value. The majority of trees that were broken in the pulling 
process presented a sturdy and healthy appearance. Combina­
tions with the Jonathan scion variety contained more trees 
which were broken at the time of pulling than any of the 
others. However, the Jonathan trees, although the slowest 
growing, had the highest rate of survival and a thrifty ap­
pearance. As these trees mature in size, greater demands 
will be placed on the various components of the tree for 
support. The possibility exists that the more brittle nature 
Figure 3. Ragged separation between interstem and rootstock 
(upper left). Winesap/M VII/Bedford exposing 
ragged separation of the interstem and rootstock 
Figure 4. Incompatibility between interstem and rootstock 
(upper right). Jonathan/Clark/Hopa displaying 
incompatibility at the interstem-rootstock union. 
Note the suckers at the base of the tree 
Figure 5* Clean separation of a graft union (lower left). 
A Jonathan/M VII/Beacon tree displaying a clean 
separation of the scion from the interstem 
Figure 6. Close up of scion-interstem union (lower right). 
This is the scion portion of a Yellow Delicious/ 
M VII/Bedford tree showing a clean break across 
the scion-interstem union 
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of these graft unions will ultimately result in the loss of 
many trees. These weaker graft unions may also be one of the 
determining factors which regulate the growth of these trees. 
Many of these weaknesses may be caused by faulty graft­
ing techniques or mechanical manipulations in the propaga­
tion, culture, and handling of the trees, especially in the 
early period of production. 
Anchorage and Root Development 
One of the major factors that has restricted the use of 
dwarfing rootstocks in the past has been poor anchorage, a 
common failing of most of the dwarfing stocks in use today. 
Poor anchorage and root development are often associated, 
although a root system may be well developed but brittle. 
The interstem method of propagation which makes use of a 
vigorous rootstock circumvents this problem. However, other 
problems, such as hardiness, suckering, and compatibility 
have yet to be solved. 
Anchorage and root development were ascertained by visual 
observation throughout the experimental period as well as at 
the time the trees were uprooted in the fall of I960 (Figure 
7). One obvious manifestation of poor anchorage was leaning 
(Figure 24). Any tree that leaned was assumed to have poor 
anchorage, unless the cause could be ascribed to mechanical 
or rodent injury. Fifty three of the 200 combinations 
Figure 7. Uprooting experimental trees (upper left). 
View of one row of the experiment with a T-D6 
International tractor pulling a tree 
Figure 8. Jona than/0-524/Columbia root system (upper 
right). Note fibrous roots around rootstock 
and the small number of large spreading roots 
Figure 9» Winesap/M IX/Bedford root system (lower left). 
Note the small fibrous root development 
Figure 10. Yellow Delicious/Robin/Dolgo interstem (lower 
right). This interstem rooted heavily because 
of deep planting shows a large overgrowth of 
the interstem over the scion and rootstock, 
which was uncommon for the Robin interstem 
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studied displayed a tendency to lean (Table 69). Any 
combination in which at least one tree was observed to lean 
was recorded. 
The Winesap combinations had twice as many leaning trees 
as Red Delicious, which had the next highest number. Yellow 
Delicious followed with only fourteen per cent of the combina­
tions showing this fault. The dwarfing combinations were 
expected to show the greatest tendency towards poor anchorage, 
yet Yellow Delicious/M IX and Jonathan/M IX trees were 
Table 69. Combinations observed to possess poor anchorage* 
Rootstock Interstem 
0-524 Clark M IX Robin M VII 
Scion Scion Scion Scion Scion 
J R Y W J E Ï W  J R Y W J R Y W J R Y W 
Columbia X X X X X 
Bedford X X X X X X X 
Hopa X X X 
Dolgo X X X X X 
Anoka X X X X X X X X X 
Beacon X X X X X 
Hawk. Grng. X X X 
Mcintosh X X X X X X 
Yel. Del. X X X X X 
Robusta #5 X X X X X 
Many of these combinations showed the tendency to lean 
early in development. However, a large percentage later 
developed strong root systems and became well anchored. 
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particularly well anchored. No Jonathan trees, regardless 
of interstem or rootstock, exhibited poor anchorage. How­
ever, Jonathan was found, in some combinations, to have a 
brittle or poorly developed root system. Jonathan/M VII/ 
Columbia gave sparse root development while Jonathan/O-524/ 
Columbia possessed a restricted, strong fibrous root system 
(Figure 8). Brittle roots that snapped easily when pulled 
and which grew at a 90° angle to the axis of the root, were 
observed on both the Jonathan/M VII/Bedford and Jonathan/ 
Robin/Robusta #5 combinations, at the time of removal. These 
represent only four of the fifty Jonathan combinations. Of 
these four, two had Columbia as a rootstock, and two had 
M VII as the interstem. Evidently, the anchorage of even 
these combinations was sufficient to maintain the trees in 
an upright position. It is possible, as the trees, mature, 
that these weaknesses may become limiting. 
In considering the interstems, M VII was found to be the 
interstem in combinations that had the greatest number of 
poorly anchored trees. It should be noted that fifty per 
cent of these had Winesap as the scion variety. Robin fol­
lowed with twelve combinations that displayed this fault. 
The Robin combinations were divided quite uniformly between 
Winesap and Red Delicious. One poorly anchored Yellow 
Delicious/M VII combination was observed. Clark Dwarf was 
involved in ten poorly anchored combinations. Six of these 
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had Winesap as the scion variety. M IX followed the Clark 
Dwarf very closely with nine poorly anchored combinations, 
seven of which were associated with the Winesap scion. The 
0-524 interstern was in six combinations, three of which had 
Winesap scions. It appeared that Winesap generally reacted 
with the interstems used in this experiment to produce poorly 
anchored trees. However, many of the combinations that did 
not remain upright in the early years of this experiment 
later were observed to develop strong root systems and became 
well established. 
The rootstocks appeared to perform within the expected 
range of natural variability for seedling stocks. 
Anchorage as ascertained at the time of uprooting is 
depicted in Table 70, which classifies each combination ac­
cording to the estimated number of pounds pull required to 
uproot the tree. . 
One of the two combinations classified as very hard to 
pull was Yellow Delicious/Robin/Dolgo (Figure 10). The heavy 
root development, caused by burying the interstem, indicated 
that Robin might be a good rootstock selection. The only 
other tree that required ten tons of pull to dislodge it was 
also a Yellow Delicious tree with the semi-dwarfing inter­
stem, M VII and a Dolgo rootstock. 
The average amount of pull required to uproot the experi­
mental trees is recorded in Table 71. 
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Table 70. Anchorage rating in pounds3, of pull required to 
uproot individual graft combinations*3 
Rootstock Interstems 
0-524 Clark M IX Robin M VII 
Scion0 Scion0 Scion0 Scion0 Scion0 
J R Y W J R Y W J R Y W J R Y W J R Y W 
M II U U T T 1# TI U U II H W U Columbia M H M M — — — L - L M - H M M - H I R M M  
Bedford M - - M — — — - - — — L H H - M B -SI IR 
Hop a H H M M IR IR - _ H — — IR H — — - H - L M 
Dolgo MM - - -IR - M - - M H H MVH M H HVA -
Anoka. H H H IR" M IR L - - - M - L H - — - M H M 
Beacon IR - - H — — — SI 
- — — L H L - H SI - - M 
Hawk. Grng. - H - - — — — 
-
M 
— — - H > - - - H M 
Mcintosh H - - - IR - -
-
M — — - M H H - L — — — 
Yel. Del. IR - - - - H -
- - — — 
M H - H 
- M - - M 
Robusta #5 M - - H — — — - - — — M H IR M H M SI M 
L = (approx.) 7,000 to 10,000 pounds to uproot tree 
M = (approx.) 10,000 to 15,000 pounds to uproot tree 
H = (approx.) 15,000 to 20,000 pounds to uproot tree 
VH = (approx.) over 20,000 pounds to uproot tree. 
^SI = snapped at scion/interstem union 
IR = snapped at interstem/rootstock union 
B = brittle roots 
Where two symbols used, the reaction occurred at the 
stress indicated. 
°J = Jonathan 
R = Red Delicious 
Y = Yellow Delicious 
W = Winesap. 
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Table 71. Average minimum pull required to uproot trees, 
based on component parts 
Scions Pounds 
null 
Rootstocks Pounds 
null 
Inter­
stems 
Pounds 
null 
Jonathan 12,961 Columbia 11,000 0-524 12,250 
Red Del. 12,158 Bedford 11,167 Clark 9,750 
Yel. Del. 12,1+67 Hopa 12, W+ M IX 9,846 
Winesap 10,333 Dolgo 13,333 Robin 13,037 
Anoka 11,400 M VII 11,950 
Beacon 11,500 
Hawk. Grng. 12,143 
Mcintosh 12,000 
Yel. Del. 12,500 
Robusta #5 11,875 
There were almost as many variations found in root 
development as there were graft combinations. Based on this 
method of evaluation, combinations with the Winesap scion 
variety were the easiest trees to uproot (Figure 9)> while 
the remaining three scion varieties were quite similar in 
anchorage. Winesap also had the highest percentage of trees 
that leaned. Based on these observations it can be concluded 
that Winesap scion trees generally produced the most re­
stricted root system. 
As with former measurements, the interstems can be 
easily grouped according to response. The two dwarfing 
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stocks, Clark Dwarf and M IX, displayed the poorest anchorage 
(Figure 11), followed by M VII (Figure 12), and 0-524 (Figure 
17) which required fewer pounds pull to uproot than the Robin 
interstem trees (Figure 14; Figure 15). 
The differences in the anchorage of rootstocks, based 
on the amount of pull required to uproot them, were relatively 
small. However, there was some indication that they could 
be grouped into three classes, i.e. Columbia, Bedford (Figure 
16), Anoka (Figure 13), Beacon, and Robusta #5 (Figure 18) 
as the easiest to uproot, followed by Hopa, Hawkeye Greening, 
Mcintosh (Figure 19), and Yellow Delicious. The third 
classification was for Dolgo (Figure 20), which required the 
highest average number of pounds pull for uprooting. 
Suckering 
The term sucker may be defined as a shoot that has 
developed from an adventitious bud on a root or rootstock. 
The ideal rootstock would produce no suckers. Many rootstocks 
in use produce few if any suckers when worked as standard 
trees. This is not the case with dwarf trees, since most 
rootstocks are stimulated into sucker production when used 
in a dwarfing combination. Heavy pruning, girdling, and 
mechanical injury have also been known to cause suckering. 
The amount of suckering was determined by visual observa­
tion and averaged for presentation in Table 72. 
Figure 11. Red Delicious/M IX/Anoka root system (upper 
left). This displayed a rather shallow 
development of a number of short, small 
diameter roots 
Figure 12. Jonathan/M VII/Anoka (upper right). This 
tree had a large spreading root system. 
Note the number of large diameter roots 
Figure 13. Red Delicious/M VII/Anoka (lower left). 
Another large sturdy root system developed on 
a M VII/Anoka combination. Note the size and 
spread of the roots 
Figure 14. Jonathan/Robin/Bedford (lower right). Note 
the very deep, heavy root system which was 
well anchored 
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Figure 15* Red Delicious/Robin/Robusta #5 (upper left). 
An extensive system of large, fibrous roots 
was produced by this combination 
Figure 16. Jonathan/O-524/Bedford (upper right). This 
was another large system made up of heavy, 
fibrous roots. Note the spread of the 
system and the large diameter tap root 
Figure 17. Yellow Delicious/O-524/Columbia (lower left) 
Note the scarcity of roots and the two main 
tap roots that supported this tree 
Figure 18. Winesap/M IX/Robusta #5 (lower right). Note 
the small number of large roots and the few 
fibrous roots at the base of the rootstock 
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Figure 19. Jonathan/M IX/McIntosh. This combination had 
a shallow, spreading system containing a small 
number of large diameter roots. Note the 
brittleness displayed by the breakage at the 
base of the rootstock. The absence of the 
roots that snapped at this point gave the 
system a one sided appearance. Compare this 
with the M IX root system pictured below 
Figure 20. Yellow Delicious/M IX/Dolgo. This combination 
was shallow rooted with a large system of many, 
heavy, spreading roots. Note the fibrous 
roots, especially at the base of the rootstock 
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Table 72. Average number of suckers per plant for scions, 
interstems and rootstocks 
Scions Number Interstems Number Rootstocks Number 
Jonathan 0.9 7 0-524 0.87 Columbia 2.80 
Red Del. 1.86 Clark 2.15 Bedford 2.20 
Yel. Del. 1.23 M IX 2.20 Hopa 2.57 
Winesap 2.58 Robin 1.15 Dolgo 1.17 
M VII 1.45 Anoka 0.44 
Beacon 0.46 
Hawk. Grng. 0.45 
Mcintosh 2.39 
Yel. Del. 1.83 
Robusta #5 1.87 
On the average, combinations which had the Jonathan 
scion variety produced the lowest number of suckers per plant. 
This would seem to be an inconsistency except for the fact " 
that Jonathan is recognized as a slow grower even as a 
standard tree. Trees with the Winesap scion variety produced 
the largest number of suckers per plant. Averaged over all 
scions and rootstocks, the most dwarfing interstems, Clark 
Dwarf and M IX, produced the largest number of suckers per 
plant, while 0-524, the most vigorous interstem, produced 
the lowest number of suckers. Considering the rootstocks, 
Anoka, Beacon, and Hawkeye Greening produced the lowest number 
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of suckers. The three-way combinations in which no suckering 
was observed are presented in Table 73. 
From the table it is apparent that both the Beacon and 
Hawkeye Greening rootstocks produced no suckers in eleven 
different combinations. Hopa, however, produced suckers in 
all but one combination in which it was used as the rootstock. 
Considered from the standpoint of suckering, Beacon and Hawk-
eye Greening appear to be the most desirable rootstocks. 
However, if a dwarf tree which produces a minimum number of 
suckers is desired, Jonathan on M IX and either the Dolgo or 
Anoka rootstock could be recommended. Other combinations 
would include: Red Delicious on Clark Dwarf and Hawkeye 
Greening, or on M IX and Beacon; Yellow Delicious with Clark 
Dwarf and Anoka or Beacon, or M IX on either Dolgo, Beacon 
or Hawkeye Greening ; Winesap with Clark Dwarf and Anoka or 
M IX and either Beacon or Hawkeye Greening. This recommenda­
tion would not include consideration of the many other factors 
studied in this experiment. 
Caliper Measurements of the Scion and Interstem 
Overgrowth of the interstem is a phenomenon that has 
been noticed ever since interstems were first used for 
dwarfing purposes (Figure 23). The reasons for this are 
obscure although it has come to be recognized as one of the 
reactions attendant with the dwarfing effect. The degree of 
Figure 21. Profuse suckering of a Yellow Delicious/Clark 
Dwarf/Hopa combination. Note the broken 
interstern-rootstock union 
Figure 22. Suckers on a Red Delicious/Clark Dwarf/Hopa 
tree. Note also the clean break of the 
interstem with the rootstock signifying 
symptoms of delayed incompatibility 
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Figure 23. Large overgrowth of an interstem. Red 
Delicious/M IX/McIntosh combination which 
displayed the large overgrowth of the inter­
stem that is common with the use of dwarfing 
interstems. Note the sprout from the inter­
stem 
Figure 24. Overgrowth of the scion and poor anchorage 
(lower left). Winesap/M VII/Beacon tree ex­
hibiting overgrowth of the scion and poor 
anchorage 
Figure 25. Red Delicious/Robin/Dolgo combination showing 
both scion and rootstock overgrowth of the 
interstem (lower right) 
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Table 73* Combinations which produced no suckers 
Rootstock Interstems Number 
0-524 Clark M IX Robin M VII of times 
Scion* Scion3 Scion3 Scion3 Scion3 recorded 
J R Y W  J R Y W  J R Y W  J R Y W  J R Y W  
Columbia Xb 0C X 2 
Bedford X 0 X X 3 
Hopa d_e X 0 1 
Dolgo X X X X X  X 6 
Anoka X X X X X 0 X X 7 
Beacon X X X X X X X X X XX 11 
Hawk. Grng. X X X X 0 0 X X X X X X 0 X 11 
Mcintosh X X 0 2 
Yel. Del. X X X X 4 
Robusta #5 X X 0 0 X 0 3 
a J = Jonathan 
R = Red Delicious 
Y = Yellow Delicious 
W = Winesap. 
3X = No suckers. 
50 = No data available. 
*See Figure 22. 
'See Figure 21. 
overgrowth is sometimes thought to be associated with the 
degree of dwarfing produced by the interstem. Overgrowth of 
the interstem is also considered by many as one of the 
visible symptoms of incompatibility. 
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Caliper measurements for both the scion and interstem 
were taken yearly, during the dormant season. The measure­
ments were taken in centimeters, one inch above and below 
the scion-interstem union. Since there were few changes in 
the relationship of these measurements, only the I960 data 
are presented in detail. The caliper of both the scion and 
interstem and the ratio of the interstem to the scion are 
presented in Tables 74, 75 and 76. 
In these results either the interstem overgrew the 
scion, giving a low ratio, or the scion overgrew the inter­
stem giving a high ratio. Only two combinations, M VII/ 
Bedford and M VII/McIntosh showed no difference in the caliper 
of the scion or interstem. Both are shown to have a ratio 
of 1.00. Since each reading in the interstem by rootstock 
table was derived from twelve trees, it was impossible to 
ascertain some of the specific reactions of certain combina­
tions. The 0-524 data revealed that all combinations had a 
ratio of less than 1.00, indicating that the interstem over­
grew the scion in all cases. However, five rootstocks and 
two scions reacted with the 0-524 interstem to give an over­
growth of the scion. The other rootstocks reacted with the 
same two scions and the M VII interstem to give much the same 
results (Figure 24). There was little question about the 
overgrowth of the scion on the Robin interstem (Figure 3 5 ) ,  
since sixty per cent of the readings were 1.00 or above. The 
Table 7*+. Average mean caliper3 of the scion and interstem with attendant ratio, 
taken after five years of growth (i960) 
Interstem 0-524 Clark M IX Robin M VII 
Rootstock Call- Ratio Call- Ratio Call- Ratio Call- Ratio Call- Ratio 
oer ner ner ner ner 
Columbia Sc 9-79 0.91 7.56 0.73 7.28 0.70 10.41 1.01 9.48 0.88 Ie 10.83 10.26 10.41 10.34 10.80 
Bedford S 8.13 0.88 7.30 0.74 7.96 0.72 9.57 1.00 8.93 0.91 
I 9.12 9*66 11.10 9.80 9.80 
Hopa S 9.46 0.93 6.77 0.67 7.71 0.68 9.45 0.98 8.65 0.84 
I 10.04 10.01 11.30 9.72 10.10 
Dolgo s 8.01 0.92 5.64 0.66 7.80 0.72 9.60 1.01 8.89 O.89 
I 8.62 8.49 10.70 9.59 10.01 
Anoka s 9.83 0.91 7.18 0.71 8.02 0.68 10.06 1.00 9.79 O.89 
I 10.80 10.11 11.72 10.13 11.03 
Beacon s 8.02 0.90 7.09 0.70 6.61 0.66 9.28 0.94 9.01 0.90 
I 8.94 10.00 9.88 9.94 10.10 
Hawk. Grng. s 10.35 0.93 6.72 0.69 8.25 0.74 9.07 0.95 10.15 1.01 
I 11.20 9.60 11.06 9.45 10.20 
aInterstem/rootstock; caliper averaged over all scion varieties. 
bS = Scion caliper. 
°I = Interstem caliper. 
Table 74. (Continued) 
Interstem 0-524 Clark M IX Robin M VII 
Rootstock Cali- Ratio Cali- Ratio Call- Ratio Call- Ratio Call- Ratio 
per per per per per 
Mcintosh S 8.33 0.85 5.92 0.71 7.67 0.72 9.12 1.00 8.72 0.90 
1 9.83 8.32 10.75 9.12 9.71 
Yel. Del. S 8.82 0.95 6.77 0.68 6.89 0.74 8.44 1.02 8.35 0.88 
I 9.28 9.95 10.35 8.35 9.38 
Robusta #5 S 10.29 0.98 6.54 0.74 7.87 0.67 9.80 0.98 9.05 0.94 
I 10.48 8.75 11.56 9.89 9.61 
Total S 91.03 9.16 67.49 7.03 76.06 7.03 94.80 9.90 91.02 9.04 
I 99.14 95.15 108.83 96.33 100.74 
Mean S 9.10 0.92 6.75 0.70 7.61 0.70 9.48 0.99 9.10 0.90 
I 9.91 9.51 10.88 9.63 10.07 
Table 75» Average mean caliper of the scion and interstem vdth attendant 
ratio, taken after five years of growth (I960)* 
Rootstock Scion 
Jonathan Red Del. Yel. Del. Winesap 
Mean Mean Cali­
per 
Ratio Cali­
per 
Ratio Cali­
per 
Ratio Cali­
per 
Ratio 
Columbia 8.24 0.80 8.87 0.86 9.41 0.86 9.48 0.89 9.00 0.85 
Ie 10.25 10.28 10.98 10.74 10.56 
Bedford S 8.60 0.79 7.13 0.87 8.42 0.82 9.61 0.95 8.44 0.86 
I 10.98 8.34 10.29 10.24 9.96 
Hopa S 7.57 0.76 8.36 0.86 8.23 0.79 9.49 0.86 8.4l 0.82 
I 8.35 9.73 10.51 11.02 9.90 
Dolgo s 6.88 0.81 7.85 O.83 8.81 0.85 8.43 O.87 7.99 0.84 
I 8.48 9.41 10.35 9.88 9-53 
Anoka s 8.09 0.79 9.19 0.85 6.62 0.83 9.63 0.91 8.38 0.84 
I 10.17 10.94 11.04 10.75 10.72 
Beacon s 7.17 0.74 8.49 0.81 6.38 0.82 8.31 0.93 7.59 0.82 
I 9.60. 10.56 9.82 8.99 9.74 
Hawk. Grng. s 8.37 0.75 8.37 0.85 9.71 0.89 8.91 0.94 8.84 0.86 
I 10.93 9.78 10.94 9.64 10.32 
aScion/rootstock; caliper averaged over all interstem varieties. 
bS = scion. 
°I = interstem. 
Table 75» (Continued) 
Rootstock Scion 
Jonathan Red Del. Yel. Del. Winesap 
Cali­
per 
Ratio Câli­
ner 
Ratio Cali­
per 
Ratio Cali­
per 
Ratio Mean Mean 
Mcintosh s 
I 
7.53 
9-94 
0.76 7.33 
9.01 
0.82 8.63 
10.02 
0.86 8.33 
9.20 
0.91 7.95 
9.54 
0.84 
Yel. Del. S 
I 
7.55 
9.73 
0.78 8.39 
9.97 
0.85 7.70 
9.32 
0.83 7.80 
8.63 
0.92 7.86 
9.41 
0.84 
Robusta #5 S 
I 
7.97 
9.70 
0.82 8.12 
9.78 
O.83 10.23 
10.44 
0.97 9.97 
10.61 
0.95 9.07 
10.13 
0.89 
Total s 
I 
77.97 
98.13 
7-80 82.10 
97.80 
8.43 84.14 
103.71 
8.52 89.96 
99.70 
9.13 8.35 
9.98 
0.85 
Mean s 
I. 
7.80 
9.81 
0.78 8.21 
9.78 
0.84 8.4l 
10.37 
0.85 8.99 
9.97 
0.91 
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Table 76. Average mean caliper of the scion and interstem 
with attendant ratio, after five years of growth 
(I960)8 
Interstem Scion 
Jonathan Red Del. Yel. Del. Winesap 
Cali­ Ratio Cali­ Ratio Cali­ Ratio Cali­ Ratio 
per per per per 
0-524 sc 9.10 0.84 9.29 0.96 9.18 0.92 8.86 0.94 Ie 10.83 9.53 9.99 9.31 
Clark S 5.31 0.62 6.86 0.69 7.18 0.73 7.56 0.78 
I 8.40 9.93 9.77 9.74 
M IX S 6.85 0.63 6.82 0.66^ 8.64 0.79e 8.25 0.73 
I 10.74 IO.36 11.03 11.28 
Robin s 9.34 0.90 9.42 1.03 9.50 0.94 9.69 1.11 
I 10.40 9.19 10.06 8.72 
M VII s 8.01 0.89 8.73 0.88 8.82 0.81 10.50 1.01 
I 9.03 9.89 10.92 10.48 
aScion/interstem; caliper averaged over all rootstock 
varieties. 
^S = scion. 
CI = interstem. 
^Figure 35. 
eFigure 26. 
other forty per cent contained combinations which showed 
overgrowth of the interstem. 
Since it would be impractical and too cumbersome to at­
tempt to record all of the individual readings for every 
year, only those showing no difference in caliper and those 
showing an overgrowth of the scion are presented, in Table 77. 
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Table 77* Specific combinations with interstem/scion caliper 
ratios of 1.00 or above, by year 
Combination Ratio 
1957 19% 1959 1960 
Jonathan/0-524/Bedford 1.14 
— 
— — 
Jona than/Robin/McInto s h 1.78 
Jonathan/Robin/Yel. Del. 1.71 
Red Del./O-524/Columbia 1.03 
Red Del./O-524/Dolgo 1.00 
Red Del./0-524/Yel. Del. — — 1.00 
.99 1.03 
Red Del./O-524/Hopa — —  1.00 - -
Red Del./Robin/Columbia —  —  - - 1.10 1.01 
Red Del./Robin/Bedford -  - 1.06 1.02 1.16 
Jonathan/O-524/Bedford 1.14 
Jonathan/Robin/McIntosh 1.78 a 
Jonathan/RobinAel. Del. 1.71 
Red Del./0-524/Columbia 1.03 
Red Del./0-524/Hopa — — —  —  1.00 — —  
Red Delicious/0-524/Dolgo 1.00 
Red Del./0-524/Yel. Del. 1.00 
.99 1.03 
Red Del./Robin/Columbia — — 1.10 1.01 
Red Del./Robin/Bedford —  —  1.06 1.02 1.16 
Red Del./Robin/Hopa 1.10 
Red Del./Robin/Dolgo — ** we* 1.04 1.06b 
aFigure 27. 
^Figure 25. 
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Table 77. (Continued) 
Combination Ratio 
1957 1958 1959 I960 
Red Del./Robin/Anoka - — — —  — —  1.03 
Red Del./Robin/Beacon -  —  1.02 c 
Red Del./Robin/Hawk. Grng. 1.02 1.16 1.00 1.03 
Red Del./Robin/Mclntosh 1.12 1.01 1.04 
Red Del./Robin/Yel. Del. 1.00 1.0? 1.01 — —  
Red Del./Robin/Robusta #5 —  —  1.02 1.03 —  —  
Yel. Del./Robin/Hawk. Grng. —  —  1.03 — —  
Yel. Del./Robin/Mclntosh -  —  1.01 —  —  —  —  
Yel. Del./Robin/Yel. Del. -  —  —  —  1.01 --
Winesap/0-524/Bedford 1.01 1.01 
Winesap/0-524/Hopa —  —  1.05 1.03 1.08 
Winesap/0-524/Hawk. Grng. —  —  1.03 1.00 
Winesap/0-524/McIntosh —  —  1.00 1.00 — — 
Winesap/0-524/Yel. Del. 1.73 
Winesap/0-524/Robusta #5 —  —  —  —  1.02 1.05 
Winesap/Robin/Columbia —  —  1.06 1.16 1.13 
Winesap/Robin/Bedford 1.00 1.11 l.l4( 
Winesap/Robin/Dolgo —  —  - - 1.10 1.12 
Winesap/Robin/Anoka 1.00 1.01 1.18 1.17 
Winesap/Robin/Beacon — — 1.06 1.11 1.08 
cFigure 28. 
^Figure 29. 
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Table 77» (Continued) 
Combination Ratio 
1957 19% 19W I960 
Winesap/Robin/Hawk. Grng. 1.14 — — 
Winesap/Robin/Mclntosh 1.00 1.02 1.12 1.11 
Winesap/Robin/Yel. Del. 1.08 1.06 1.23 
Winesap/Robin/Robusta #5 —— 1.20 i.o4 1.12 
Winesap/M VII/Dolgo 1.00 
Winesap/M VII/Anoka 1.02 
Winesap/M VII/Beacon 1.08 
Winesap/M VII/Hawk. Grng. 1.17 
Winesap/M VII/McIntosh 1.07 
From Tables 75* 76 and 77 it was apparent that in I960, 
the only trees in which the scion was of a greater diameter 
than the interstem were combinations with either Red Delicious 
or Winesap scions. The interstems associated with these 
scion overgrowths were Robin, 0-524, and M VII. Every root-
stock was contained in one or more of these combinations. 
The Robin interstem reacted quite strongly with both the 
Red Delicious and Winesap scion varieties, without regard for 
the rootstock involved. The 0-524 interstem appeared to 
react with Red Delicious and Winesap but only with certain 
rootstocks. In the Red Delicious/0-524 combinations, Columbia, 
Dolgo, Hopa, and Yellow Delicious rootstocks were involved. 
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In the Winesap/0-524 combinations, Bedford, Hopa, Hawkeye 
Greening, Mcintosh, Yellow Delicious, and Robusta #5 root-
stocks were involved. This may indicate that a three way 
interaction of scion/interstem and rootstock was effective 
in the 0-524 combinations. Mailing VII, on the other hand 
reacted only with the Winesap scion to produce an overgrowth 
of the scion. This was observed only in the final year of 
the experiment. There may well be a specific scion by inter­
stem reaction involved with this combination. However, 
further observation will be necessary to determine if this 
was a permanent reaction. 
In all cases, except those listed in Table 77, the inter­
stem overgrew the scion. In seventy per cent of the Red 
Delicious/Robin combinations and 30 per cent of the Red 
Delicious/0-524 combinations, the scion had attained a 
greater diameter than the interstem at the completion of this 
experiment. In 80 per cent of the Winesap/Robin combinations, 
fifty per cent of the Winesap/M VII, and in 30 per cent of 
the Winesap/0-524 combinations, the scions were larger than 
the interstems after five years of growth. 
Tables 74 and 76 show that the interstem was much larger 
than the scion in those combinations using Clark Dwarf and 
M IX as the interstem. The reaction was much the same 
regardless of what scion or root combination was studied 
(Figure 26). Both of these interstems produced about the 
Figure 26. Yellow Delicious/M IX/Dolgo showing little 
overgrowth of the interstem (upper left). 
Note the constriction of the scion/interstem 
union and the bark inclusion on the right side 
Figure 27* Longitudinal section through a Jonathan/ 
Robin/Mclntosh tree (upper right). Note that 
the interstem overgrew the scion and the 
rootstock overgrew the interstem 
Figure 28. Section through a Red Delicious/Robin/Beacon 
combination (lower left). This combination 
exhibited overgrowth of the scion and a smooth 
interstem-rootstock union 
Figure 29. Longitudinal section through Winesap/Robin/ 
Bedford (lower right). This combination 
displayed overgrowth of the scion although 
the interstem and rootstock were of the same 
diameter 
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the same amount of overgrowth. 
In considering the ratios of the scion and interstem 
diameter, the overall averages follow closely the divisions 
determined by the height. The Clark Dwarf and M IX produced 
the most overgrowth of the interstem and also produced the 
greatest dwarfing effect. The M VII was intermediate in 
vigor of the five interstems. Robin produced the highest 
ratio, followed by 0-524. It was observed that the 0-524 
trees were slightly more vigorous than the Robin trees. 
However, there was little difference in the tree height be­
tween the two interstems. 
It is difficult to ascertain the long range affects of 
the scion overgrowth or whether this may become a limiting 
factor in regard to the vigor and mechanical strength of the 
trees. However, this was a fairly common observation in 
many long-lived apple trees that were propagated in the 
early 1900's. 
Interstem Observations and Bark Measurements 
One observation common to dwarfing rootstocks and inter-
stocks is that they have thicker bark than is commonly found 
on the standard varieties. Some observers have attributed 
at least part of the dwarfing effect to the functioning of 
this enlarged bark volume (Scholz, 1957). It was for this 
reason that the interstems were removed from the trees after 
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they were pulled in I960. The interstems were cut longi­
tudinally with a band saw to allow more detailed inspection 
of bark thickness and graft unions. All measurements were 
made with a slide caliper calibrated in 64th of an inch with 
a vernier scale reading in 0.001 of an inch. 
Generally, the bark of the interstem was thicker than 
that of either the scion or the rootstock. In a few cases, 
the bark of either the scion or the rootstock was thicker 
than that of the interstem. Only one combination produced 
a bark layer that was of the same thickness on all three 
components. The thickness of the bark of the scion, inter­
stem, and rootstock respectively for the Jonathan/0-524/ 
Mcintosh combination was 0.075 inches (Figure 31)• Root-
stocks of five combinations (Table 78) had a bark thickness 
equal to or greater than that of the scion or interstem. 
Table 78. Combinations with thick barked rootstocks 
Combination Bark thickness in inches 
Scion Interstem Rootstock 
Jonathan/0-524/Yel. Del. 0.075 0.085 0.100 
Jonathan/0-524/Robusta #5 0.070 0.075 0.085 
Red Del./0-524/Dolgo 0.065 0.080 0.080 
Winesap/0-524/Columbia 0.050 0.050 0.075 
Winesap/0-524/Anoka 0.070 0.075 0.100 
Winesap/0-524/Robusta #5 0.075 0.085 0.085 
Figure 30. 
Figure 31. 
Figure 32. 
Figure 33. 
Stem pitting on 0-524 interstem (upper left). 
Yellow Delicious/0-524/Columbia showing stem 
pitting virus symptoms. The symptoms were 
expressed only in the interstem and stop 
abruptly at the union with the scion. Note 
the brown discoloration associated with this 
virus and the original graft piece 
Jonathan/0-524/McIntosh (upper right). This 
tree showed no signs of stem pitting. Note 
that the bark was of a uniform thickness on 
all components of this combination 
Bark thickness on Jonathan/M VII/Bedford 
(lower left). The interstem had thicker bark 
than the scion or rootstock even though the 
scion had overgrown the interstem. The bark 
was not the same thickness on both sides of 
the interstem 
Bark thickness of Yellow Delicious/M VII/Dolgo 
(lower right). The bark was thicker on one 
side of the stem than on the other. This 
combination displayed fairly smooth, strong 
graft unions. Note the original graft 
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Every combination in this category contained 0-524 as 
the interstem variety. Another observation of interest was 
the fact that these combinations were some of the very few 
with 0-524 interstems that did not display symptoms of the 
stem pitting virus. The majority of the 0-524 combinations 
showed a definite thickening of the interstem bark over that 
of the scion and rootstock. Those interstems with virus 
symptoms also had a bark thickness that varied with the depth 
of the pitting, but in general exhibited a bark layer sub­
stantially thicker than the scion or rootstock. The virus 
symptoms were displayed only on the interstem section of the 
plants (Figure 30). 
One combination exhibited a thicker bark layer on the 
scion than was found on either the interstem or rootstock. 
The Jonathan/Robin/Mclntosh combination had bark of the fol­
lowing thicknesses on the individual components : 0.105, 0.050 
and 0.100 inches. 
The greatest difference in bark thickness was noted on 
the Jonathan/Clark Dwarf/Mcintosh combination, i.e. 0.060, 
0.215) and 0.085 inches. The Jonathan/M IX/Hopa combination 
had bark thicknesses of 0.125, 0.275, and 0.084 inches 
respectively for the scion, interstem, and rootstock. 
It was observed in recording the bark measurements that 
the thickness of the bark was not uniform on both sides of 
the stem (Figure 32 and Figure 33). Unfortunately this was 
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observed after the trees had been pulled and therefore, it 
was impossible to orient the graft according to the exposure 
in the field. 
At this time it was found that those interstems with 
stem pitting also displayed a definite brownish mottling in 
the wood of the interstem, much like the pattern found in 
curled wood (Figure 30). A uniform, very light brown colora­
tion of the wood was observed in the M IX, Clark Dwarf, and 
M VII interstems which produced dwarf trees (Figures 3^, 35 
and 36). 
Yield 
Precocity of flowering and fruit production are two 
characteristics ordinarily associated with dwarf apple trees. 
Blossom counts were made in 1958, the first year that any 
number of trees produced flowers. Because of a late frost 
which damaged most of the flowers, no yield data were avail­
able for that year. Yield data were, however, collected for 
the years 1959 and I960. The 1959 data were collected as the 
number of fruit produced per plant, while the I960 data were 
collected in pounds of fruit produced by each plant. 
As it is still early in the life of the experimental 
trees the data are presented primarily to establish the time 
of ripening and precocity of the various combinations. 
For convenience, the data are presented in scion by 
Figure 34. Red Delicious/Clark Dwarf/Anoka tree displaying 
overgrowth of the interstem and light brownish 
pigmentation of the interstem (upper left) 
Figure 35- Red Delicious/M IX/Anoka tree showing large 
overgrowth of the interstem and brownish 
discoloration of the interstem (upper right) 
Figure 36. Red Delicious/M VII/Robusta #5 tree exhibiting 
overgrowth of the interstem and brownish 
discoloration of the wood 
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interstem two-way tables. However, the yield data have been 
calculated to furnish the average production for each combina­
tion of three trees. Each record of the yield represents the 
average of the scion by interstem combination divided by ten, 
which was the number of rootstocks involved. This informa­
tion is recorded in Tables 79, 80 and 81. _ 
Table 79* Blossom data for first year of bloom, scion by 
interstem combinations 
Interstem Scion 
First year and amount of bloom 
Jonathan Red Del. Yel. Del. Winesai) 
0-524 1959-L 1959-1 1958-M 1959-1 
Clark 1958-M 1959-L 1958-H 1958-M 
M IX 1958-M 1959-L 1958-L 1958-L 
Robin 1958-L 1959-1 1958-M 1959-1 
M VII 1958-H 1960-L 1958-H 1959-L 
L = Average of one cluster per plant 
M = Average of five clusters per plant 
H = Average of fifteen clusters per plant 
1 = Only one tree bloomed. 
Yellow Delicious was the most precocious scion variety, 
producing the most bloom and fruit in the third and fifth 
years of growth regardless of the interstem. However, bloom 
production and yield were increased when Clark Dwarf and 
M VII were used as the interstems. The order of precocity 
of the scion varieties was Yellow Delicious first, followed 
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Table 80* Average yield in numbers of fruit per individual 
combination of three trees (1959) 
Interstem Scion 
Jonathan Red Del. Yel. Del. Wine- Total 
Sâ£ 
0-524 2.1 1.2 5.6 1.0 9.9 
Clark 15.9 .5 16.5 2.7 34.7 
M IX 12.8 .4 5.1 .9 19.2 
Robin 4.9 .6 1.8 .3 7.6 
M VII 8.9 0 5.9 2.0 16.8 
Total 44.6 2.7 34.9 6.9 
by Jonathan, Winesap, and Red Delicious. Both Yellow Delicious 
and Jonathan showed a tendency toward early production, while 
Winesap and Red Delicious showed very little. 
The Clark Dwarf and M VII combinations fruited earliest 
with the Clark Dwarf being substantially more invigorating 
in regard to production. The M IX interstem appeared to be 
reacting on about the same level as the 0-524 interstem, 
showing an intermediate effect on early production. The 
Robin interstem had the least effect on precocity, although 
all the interstems induced some degree of early production 
compared with the commonly accepted time limits of six to 
ten years for standard trees. 
Early maturity of fruit is another observation common 
to trees propagated on dwarfing rootstocks or interstems. 
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Table 8l. Average yield in pounds of fruit per individual 
combination of three trees (I960) 
Interstem Scion 
Jonathan Red Del. Yel. Del. Winesan Total 
0-524 24.2 9.0 53.6 3.9 90.7 
Clark 26.5 24.8 71.0 18.7 l4l.O 
M IX 24.8 9-5 48.5 5.5 88.3 
Robin 14.4 3.1 32.5 4.3 54.3 
M VII 15.0 17.5 61.5 8.2 102.2 
Total 104.9 63.90 267.1 40.6 476.5 
The combinations that exhibited early fruit maturity in i960 
are presented in Table 82. 
The only combinations that resulted in the early maturity 
of fruit were those in which Yellow Delicious was used as the 
scion variety, and where one of the more dwarfing stocks; 
Clark Dwarf, M IX, or M VII, was used as the interstem. 
Evidently the dwarfing stocks induced early fruiting in all 
the scion varieties and early maturity of fruit at present 
appears to be the result of a scion interstem reaction between 
Yellow Delicious and Clark Dwarf, M IX, or M VII. 
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Table 82. Combinations which exhibited early fruit maturity 
in I960 
Combination Combination 
Yel. Del./Clark/Bedford Yel. Del. /Clark/Anoka 
Yel. Del./Clark/Dolgo Yel. Del./Clark/Beacon 
Yel. Del./Clark/Hopa Yel. Del./Clark/Hawk. Grng. 
Yel. Del./Clark/McIntosh Yel. Del./Clark/Yel. Del. 
Yel. Del./M IX/Columbia Yel. Del./M IX/Beacon 
Yel. Del./M IX/Bedford Yel. Del./M IX/Hawk. Grng. 
Yel. Del./M IX/Hopa Yel. Del./M IX/McIntosh 
Yel. Del./M IX/Dolgo Yel. Del./M IX/Yel. Del. 
Yel. Del./M VII/Columbia Yel. Del./M VII/Beacon 
Yel. Del./M VII/Bedford Yel. Del./M VII/Hawk. Grng. 
Yel. Del./M VII/Hopa Yel. Del./M VII/McIntosh 
Yel. Del./M VII/Dolgo Yel. Del./M VII/Yel. Del. 
Yel. Del./M VII/Anoka 
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DISCUSSION 
Dwarf fruit trees are no longer a novelty grown only by 
the amateur horticulturist or European gardener. They are 
rapidly becoming the means for the commercial orchardist to 
cope with the production demands of a growing population 
(Lorang, I960; Upshall, 1959; Carlson, 1960b). Dwarf trees 
also offer an opportunity for the commercial fruit industry 
to intensify its growing operations and mechanize all phases 
of fruit production. This is not the case only in the apple 
industry, but also in all the tree fruit production businesses. 
In most cases the stock and scion effects are found to be 
much the same whether dealing with apples, citrus, olives, 
or peaches. However, many reactions of the stock and scion 
are still obscure in regard to their mechanism and effective­
ness. This study was undertaken in order to further in­
vestigate the relationships between the components of double 
worked trees. Many of the plant materials studied in this 
experiment have been the object of little or no actual re­
search to date. By the same token, all the graft components 
showed a certain degree of promise toward solving some of the 
problems attendant with the production and culture of dwarf 
fruit trees. 
The findings may be applicable to the culture of dwarfs, 
in general, although this study deals primarily with the 
problems peculiar to the Great Plains area of North America. 
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Certain results would, no doubt, be different under other 
environmental and cultural conditions. For example, the 
Robusta #5 stock appears to be particularly well adapted for 
use under wet soil conditions (Carlson, 1960a; Weeks, I960). 
The comparative performance of this rootstock would certainly 
be modified if this study had been carried out under such 
conditions. 
All combinations of four scion varieties, five inter­
stems, and ten rootstocks (Table l) were grafted and planted 
in Hamburg, Iowa, during 1956, subsequent to a one year ex­
periment on performance in the nursery row. 
In an earlier experiment (Mahlstede, 1957)> using height 
as the criterion, it was determined that the rootstock exerted 
the most influence on the growth of the trees during the 
first year. This might be expected, while the plants were 
becoming established on the site. The scion produced the 
most influence during the second year of growth and remained 
important throughout the first five years. Subsequent to 
the second year the interstem produced the most effect, an 
effect that increased in each of the following years. The 
scion by interstem interaction became effective during the 
third year of growth and demonstrated a small but uniform 
increase in importance for the following three years. The 
rootstocks were naturally quite variable, being seedling 
stock. Most of the differences in rootstocks fell within the 
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range of their natural variability. 
Averaged over all interstems and rootstocks, combinations 
with the scion variety Winesap produced the tallest trees 
followed by Red Delicious, Yellow Delicious, and Jonathan. 
However, the average difference in height of the scions was 
not great enough to be of any practical significance. Inter­
stems averaged over all scions and rootstocks showed that 
Clark Dwarf produced the most dwarfing effect, followed by 
M IX, M VII, Robin, and 0-524, in order of dwarfing. This 
agrees with the findings of Norton (1959). Even though MIX 
is considered the most dwarfing rootstock, it does not produce 
the same degree of dwarfing when used as an interstem (Tukey 
and Erase, 1943). The 0-524 interstem produced most of the 
variation in the early years of the experiment. This inter­
stem, in many cases, expressed symptoms of the stem pitting 
virus. However, the 0-524 effect appeared to diminish as the 
trees became older. The Yellow Delicious/M IX combinations 
performed as semi-vigorous trees when compared to other trees 
within the experiment. The scion varieties apparently re­
acted with the interstem to determine the stature of the 
trees when the M VII interstem was used. The scions ranged 
from moderately vigorous to moderately dwarf on this inter­
stem. There were some indications that the very strong inter­
stem effect may have been leveling off beginning the fifth 
year. 
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An effect on bark color was observed with all combina­
tions of Red Delicious/0-524, Yellow Delicious/Clark Dwarf/ 
Yellow Delicious, and Jonathan/Robin/Hopa. The bark of these 
trees was noticeably lighter in color than the bark of the 
other trees of the respective scion varieties. 
It is postulated that in certain instances the interstem 
may have had the most influence on the scion variety, while 
the scion produced the greatest influence on the rootstock 
when they were worked on seedling rootstock types. 
Survival data indicated that all failures to date oc­
curred in the first four years. The majority of failures 
were realized during the first season after transplanting. 
The highest survival of scions was noted in combinations 
with Jonathan, while Red Delicious, Yellow Delicious, and 
Winesap followed in order. Mailing VII and 0-524 gave the 
highest interstem survival, followed by Robin. Both the 
Clark Dwarf and M IX had over 25 per cent failure. The best 
rootstock survival was recorded with the Bedford, Dolgo, and 
Hopa stocks. The poorest survival was recorded for combina­
tions with Hawkeye Greening, 42 per cent of which failed. 
Many combinations performed poorly the first two or 
three years of the experiment. Later they appeared to become 
well established and performed as well as the other trees. 
Of the scions, Winesap displayed the narrowest range of 
compatibilityr performing poorly with Columbia, Hopa, Hawkeye 
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Greening, and Mcintosh rootstocks. Definite signs of in­
compatibility were found with Winesap on Clark Dwarf and 
Robin interstems. All three trees of the Winesap/Robin/Hopa 
combination snapped off at the scion/interstem union in 1958. 
Hilborn (1955) and Blasberg (1955) both reported incompati­
bility symptoms when the Robin interstem was used in certain 
graft combinations. Yellow Delicious as a scion performed 
poorly with the M IX interstem and the Anoka and Beacon root-
stocks. There were definite indications of incompatibility 
with the Yellow Delicious/M IX/Hopa combination. Indications 
of incompatibility were apparent with some combinations of 
Red Delicious on Clark Dwarf and Robin, with definite 
symptoms in the Red Delicious/Robin/Bedford combination. 
This scion also performed poorly with Hawkeye Greening and 
Beacon rootstocks. Jonathan appeared to have the widest 
range of compatibility of any of the scion varieties. How­
ever, one tree of the Jonathan/Clark Dwarf/Bedford combina­
tion was broken at the interstem/rootstock union in 1958. 
Signs of incompatibility were observed between the 
0-524/Hawkeye Greening ; Clark Dwarf/Hawkeye Greening and 
Mcintosh; M IX/Beacon and Hawkeye Greening ; and Robin/Hopa 
and Beacon combinations. The best interstem/rootstock combina­
tions were M VII/Bedford, O-524/Bedford, and O-524/Dolgo. 
The Jonathan/Clark Dwarf/Mcintosh trees had a height to spread 
ratio of 1.09. Combinations of Winesap/Clark Dwarf/Mcintosh 
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had a ratio of 1.12, and the Winesap/Clark Dwarf/Yellow 
Delicious had a ratio of 1.29. Two of these combinations 
utilized Winesap scions and two the Mcintosh rootstock. 
Two observations were recorded on tree anchorage, i.e. 
the number of trees that did not maintain an upright position, 
and the approximate number of pounds pull required to uproot 
the trees. Of the scion varieties, Winesap combinations 
showed the greatest tendency to lean, with Red Delicious 
intermediate between the extremes. Yellow Delicious produced 
only a few trees which leaned, while the Jonathan trees were 
all upright in habit. Anchorage determined by uprooting 
demonstrated that Winesap required the least amount of pull 
with Jonathan, Red Delicious, and Yellow Delicious all re­
sulting in approximately the same reading. Combinations with 
the Robin interstem required the greatest amount of pull to 
uproot, followed by 0-52k and M VII. Clark Dwarf and M IX 
combinations required the least amount of energy to uproot. 
Rootstocks displayed some variability but with only minor 
differences. The Dolgo combinations may have been more 
strongly anchored than the others, although this was not 
definitely established. One modifying factor observed was 
that of brittleness of roots which appeared to be associated 
only with specific combinations. 
The most profuse production of suckers occurred on 
combinations with the Winesap scion. Red Delicious and Yellow 
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Delicious followed in sequence when number of suckers were 
considered. Jonathan trees exhibited the least tendency for 
suckering. Interstem suckering was relative to the degree 
of dwarfing produced by the interstem in comparison to the 
growth rate of the scions when grown as standard trees. This 
was a logical consequence if one subscribes to the hypothesis 
that the dwarfing interstems produce much the same effect 
as that realized from girdling. The interstems ranked in 
order of decreasing sucker production appear as follows : 
M IX, Clark Dwarf, M VII, Robin, and 0-524. The Columbia, 
Bedford, Hopa, and Mcintosh rootstocks produced the greatest 
number of suckers, while Dolgo, Yellow Delicious, Robusta #5, 
Anoka, and Hawkeye Greening averaged less than one sucker 
per plant. 
Caliper measurements taken one inch above and one inch 
below the scion/interstem union demonstrated that generally 
the interstems produced some overgrowth. Only the M VII/ 
Bedford and M VII/McIntosh combinations produced a ratio of 
1.00 when comparing interstem caliper to scion caliper. All 
other combinations had the interstem overgrowing the scion 
or the scion overgrowing the interstem. The interstem over­
grew the scion in the majority of the cases. Scion over­
growth was found with combinations of Red Delicious on 0-524 
and Robin, as well as with Winesap on 0-524, Robin and M VII. 
The observations on Robin agree with those reported by 
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Carlson (1960a). However, the undergrowth of the M VII inter­
stem was unusual in that it is considered to be a semi-
dwarfing stock and therefore would be expected to overgrow 
the scion. 
Another observation that has been common to the dwarfing 
and semi-dwarfing stocks is that the bark of the interstem 
is always much thicker than that of the scion. The 0-524 
interstem proved to be the exception in seven combinations. 
The Jonathan/O-524/McIntosh combination displayed an equal 
thickness of bark on all three components. Six other 0-524 
combinations exhibited rootstock bark thickness equal to or 
greater than that of the interstem, and the interstem bark 
thickness equal to or thicker than that of the scion. In 
some instances, the bark was found to be thicker on one side 
of the stem than on the other. However, it was impossible 
to orient the stem when these measurements were collected. 
Blossom and yield data indicated that Jonathan and Yellow 
Delicious produced bloom, in 1958, on all interstem combina­
tions. Red Delicious produced bloom only on Clark Dwarf and 
M IX. Winesap flowered on Clark Dwarf, M IX, and M VII during 
1958. The first fruit production of any consequence was 
noted in i960. In descending order of production, scions 
fell in the following sequence; Yellow Delicious, Jonathan, 
Red Delicious, and Winesap. Interstem production was in­
teresting in that Clark Dwarf, M VII, and 0-524, in order, 
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out-produced the M IX interstem combinations in I960. Robin 
produced the smallest number of fruit. In this experiment 
Clark Dwarf, M IX and M VII have been the most precocious 
of the interstems. Early maturity of fruit was noted only 
with the Yellow Delicious trees. Yellow Delicious/Clark 
Dwarf; Yellow Delicious/M IX; and Yellow Delicious/M VII all 
produced fruit that matured seven to fourteen days earlier 
than the fruit of the other combinations. However, this 
phenomenon may be found in the other dwarf combinations in 
later years. 
The combinations listed in Table 83 were those that 
performed best when survival, anchorage, and height were 
considered. 
Comparatively little more is known today about root-
stocks, interstems, scions, and their interrelated effects 
Table 83. Superior combinations considering height, anchor­
age and survival measurements 
Combination Height Combination Height 
Jonathan/Clark/Dolgo 123 Yel. Del./Clark/Bedford 109 
Jonathan/Clark/Hopa 94 Yel. Del./Clark/Dolgo 107 
Red Del./Clark/Hopa 130 Winesap/Clark/Bedford 128 
Red Del./Clark/Bedford 133 Winesap/M IX/Dolgo 134 
Red Del./M IX/Hopa 111 Winesap/M VII/Bedford 169 
Red Del./M IX/Bedford 131 Winesap/M VII/Beacon 144 
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than was known 150 years ago. There is a need for continued 
research to develop new and improved rootstocks and inter-
stems. This study demonstrates the fact that there are 
special combinations that perform most satisfactorily in each 
range of growth characteristics as mediated by environment. 
In the future stocks will probably be classified for use in 
specific combinations, for particular purposes, under 
specific environmental conditions. 
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SUMMARY 
Dwarf apple trees are rapidly becoming the means for 
commercial orchardists to cope with the production and 
economic pressures of our growing population and industrial 
economy. They are adapted to intensive cultural techniques 
and mechanized practices. Lack of hardiness, poor anchorage, 
and incompatibility all combine to limit the use of dwarfing 
stocks on a commercial basis. The interstem method for 
propagating dwarf trees has been gaining popularity, since 
it permits the use of hardy, vigorous rootstocks. The inter-
stems now in use are not completely satisfactory. 
All possible combinations of four scion varieties, i.e. 
Jonathan, Red Delicious, Yellow Delicious, and Winesap were 
studied with five interstems, i.e. Ottawa-5^4, Clark Dwarf, 
Mailing IX, Robin, and Mailing VII, in conjunction with the 
ten rootstocks, Columbia, Bedford, Hopa, Dolgo, Anoka, Hawk-
eye Greening, Mcintosh, Yellow Delicious, and Robusta #5» 
These were studied in a 600 tree, five year experiment. 
The statistical analyses showed that height was most 
effected the first year by the rootstock, the second year by 
the scion, and all subsequent years by the interstem. The 
scion by interstem interaction did not become effective until 
the third growing season and then increased slowly and 
steadily each year. After five years, the order of vigor 
for scions was Winesap, Red Delicious, Yellow Delicious, and 
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Jonathan, in descending order. Winesap grew slowly the first 
three years and then became vigorous, while Yellow Delicious 
performed vigorously the first two years. In considering the 
intersterns, Ottawa-524 and Robin were the most vigorous fol­
lowed by Mailing VII, Mailing IX and Clark Dwarf. Clark Dwarf 
was the most consistently dwarfing interstem. The rootstocks 
generally performed within the range of their natural varia­
bility. It was proposed that the main effect of the interstem 
might be on the scion variety while the main effect of the 
scion might be on the rootstock. 
Spread measurements showed that on the average the trees 
in the experiment were 75 per cent as wide as they were tall. 
The scions and rootstocks performed quite uniformly. The 
dwarfing interstems, Clark Dwarf and M IX, affected the 
height-spread ratio most acutely, since the trees averaged a 
minimum of 80 per cent spread to height, although many ap­
proached equality or exceeded the height. 
Jonathan scion trees had the highest rate of survival 
followed by Yellow Delicious, Red Delicious, and Winesap. 
The Clark Dwarf and M IX interstems exhibited the poorest 
survival and anchorage of the interstems. Hawkeye Greening 
gave only 58% survival as a rootstock, while the best records 
were for Bedford with 92% and Dolgo with 90%. 
Caliper measurements of the scion and interstem one inch 
above and below the scion-interstem union disclosed that in 
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many cases the Red Delicious scion overgrew the interstems 
Ottawa-524 and Robin. Winesap overgrew Ottawa-524, Robin and 
Mailing VII in certain combinations. 
Precocity of bearing was exhibited by Jonathan and Yellow 
Delicious scions in all combinations. Red Delicious and Wine­
sap displayed this phenomenon only on the Clark Dwarf and 
Mailing IX interstems. Yellow Delicious scions in combination 
with Clark Dwarf, Mailing VII, and Mailing IX matured fruit 
seven to fourteen days earlier than the other combinations 
under test. 
Those combinations showing superior performance when 
height, anchorage, and survival were considered include 
Jonathan/Clark Dwarf/Hopa, Red Delicious/M IX/Hopa, Yellow 
Delicious/Clark Dwarf/Dolgo, and Winesap/Clark Dwarf/Bedford. 
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